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Hinsichtlich des Verhaltens der 
gegen Bromwasser- 
stoff sind mehrere Ergebnisse unter Beriick- 
sichtigung des Sauerstoffeffekts angekiindigt 
man dagegen Bezug 
auf den bei den entsprechenden Ketonen auf- 
zutretenden Sauerstoffeffekt nur sehr arme 
Kenntnisse besitzt. Der Grund liegt wohl 
darin, dass die Ketone dieser Art unter 
Vereinigung mit Mole- 
kiilverbindungen bilden, und zwar mit solcher 
Schnelligkeit, dass man nicht Stande ist, 
die Bildung der Molekiilverbindung 
langsamen, dadurch die anomale Addi- 
tionsreaktion verwirklichen. Kann der 
von hervorgerufene, 
anomale Reaktionsprozess eigentlich bei den 
Ketonen 
den? Von solcher Uberlegung aus hat der 
Verfasser die Reaktionen einiger 
Ketone studiert und eine dem Sauer- 
stoffeffekt zuzuschreibende, bemerkenswerte 
Erscheinung beobachtet. folgenden wird 
die Einzelheiten der Untersuchung dargelegt. 

man den Bromwasserstoffstrom 
die Benzol-, Tetrachlor- 
kohlenstoff-, bzw. Schwefelkohlenstoff-lésung 
von Chalkon (I) einleiten, farbt sich die 
Lésung bald orangengelb, was der Entstehung 
der Molekiilverbindung des Hydrobromids 
nach verdanken ist. 
Die sich jedoch bald darauf entfarbt 
unter Bildung vom weissen Niederschlag des 
Hydrobromids d.h. des normalen Addi- 
tionsprodukts. 

Das weisse Additionsprodukt ist 
sehr zersetzt sich die 
aus Benzalaceton durch die Addition des 
Chlorwasserstoffs erhaltene Verbindung unter 


1) Ejingebracht in der zweiten Jahresversammlung der 
Japanischen Chemischen Gesellschaft, Tokyo, 1949. 

2) F. R. Mayo und C. Walling, Chem. Rev., 27, 351(1940), 
dort befinden sich mehrere Literaturen, ausserdem O. Sima- 
mura, Dieses Bulletin, 17, 327 (1942):O. Simamura und M. 
Takahashi, ikid., 22, 60 (1949) u.s.wa 

3) M. Takahashi, Vortrage auf der dritten (Kyoto, 1950) 
und der vierten (Tokyo, 1951) Jahresversammlung der Japa- 
nischen Gesellschatt. 

4) D. Vorlander und C. Tubandt, Ber., 37, 1652 (1904). 


Abspaltung von dem letzteren, sobald sie aus 
dem Reaktionsraum herausgenommen 
Bei Chalkon oder seinen Homologen, spaltet 
das Additionsprodukt wie bei Benzalaceton, 
von der oder iiberfliissiger Menge 
Base, beeinflusst, leicht den 
Bromwasserstoff und geht das urspriing- 
liche Keton zuriick. 

Der Additionsprozess wird ferner davon 
nicht beeinflusst, der heftige Sauerstoff- 
strom Vereinigung mit dem Bromwasser- 
stoffstrom die Ketonlésung durchgeleitet 
wird oder nicht, und eine identische Additions- 
verbindung wird gewonnen, die 
Orientation des Bromwasserstoffs bleibt bei 
der Addition zur Ketonen unter wechselnden 
als Additionsprodukt nur dieselbe Verbindung, 
aus und 
aus (II), jedoch kei- 
neswegs die Verbindungen, namlich 
hydroketon, Dibromid oder ihre Oxydations- 
produkte, deren Bildung auf den Sauerstoff- 
effekt zuriickzufiihren ist. Dabei ist 
angenommen worden, dass, wenn eine von 
dem Sauerstoffeffekt herriihrende Reaktion 
wirklich stattfinden kann, das freie Radikal, 
das den Reaktionsprodukten als die Durch- 
gangsstufe notwendig ist, vielleicht die Form, 
weil diese infolge 
der durch die Kon- 
jugierung seines freien Elektrons zur Phenyl- 
gruppe wohl als die geeignetere Form anzu- 
sehen ist. solche anomale Reaktions- 
produkte, wie oben nicht erhalten 
worden sind und auch die Abscheidung des 
Wassers und des Broms, die meisten Fall 
mit Sauerstoffeffekt eng 
Laufe der Reakution niemals bemerkt worden 
ist, liegt nahe behaupten, dass der 
Sauerstoffeffekt bei den 
Ketonen, wie und II, nicht auftreten 
man aber Bromwasserstoff auf eine 
stark verdiinnte oder Ligroin- 


Francesconi und Cusmano, 1908. 1102. 


356 Hazime KASIWAGI 


lésung Ketone unter 
des heftigen Sauerstoffstroms einwirken, 
strémt die Reaktionsfliissigkeit, die normaler- 
augenreizenden Geruch aus. Dieser Geruch 
kann vielleicht nicht der Bildung des 
Bromhydroketons 
Umwandlungsprodukts, sondern dem Verlauf 
einer anderen Reaktion als normaler Addition 
zugeschrieben werden. Obwohl nicht 
gelungen ist, die riechende Substanz 
isolieren, fiihrt diese Tatsache zur Erwartung, 
dass der Sauerstoffeffekt auch bei den 
Ketonen stattfinden 

Aus diesem Grunde hat der Verfasser als 
ein anderartiges Keton, das 
Bromchalkon 
non dargestellt und den bei ihm auftreten- 
den Sauerstoffeffekt untersucht. Durch Ad- 
dition des Bromwasserstoffs unter den ge- 
Bedingungen, worin die Konzentra- 
tion des Ketons ist, 
kann man ein Dibromid des Ketons erhalten. 
Beziiglich Chalkondibromids sind stereome- 
risch zweierlei Stoffe bekannt, das 
eine mit Schmelzpunkt von und 
das andere von 120~1°C. Beim genannten 
Fall entsteht fast ausschliesslich das Dibromid 
von tieferem Schmelzpunkt, wie Abell 
bereits Dabei ist der Einfluss 
des heftigen Sauerstoffstroms nicht beobachtet 
worden, der mit Bromwasserstoff die 
von gleicher Konzentration durch- 
geleitet wird, dasselbe Dibromid aus der 
Reaktionsfliissigkeit sich 

Bei starker Verdiinnung mit Petroleumather 
lauft die Reaktion etwas abweichend, 
nach der Beendigung der Reaktion nimmt 
die eine eigentiimliche 
gelbe Farbe und scheidet eine diinne 
Schicht von blutroter Farbe. Die Lésung 
wird durch ihren heftigen augenreizenden 
Geruch gekennzeichnet, der auch bei der 
Reaktion des Ketons oder II, freilich hier 
aber viel wahrgenommen wird. 
Kristalle die sich dem Boden und der 
Wand bilden. Aus der 
ist ferner durch Behandlung mit Sodalésung 
ein saurer Stoff erhalten, der sich als mit 
dem obigen Kristall identisch erweist, und 
zwar als die 
schon aus der Wand des 
sich ausgeschieden ist, verdankt sie ihre 
Bildung der eigentlichen Reaktion. Daher 
kann man mit Recht annehmen, dass das 
Bromketon unter der Bedin- 
gung, die fiir den Auftritt des Sauerstoffeffekts 


Robert Abell, Chem, Soc., 101, 998 (1913). 
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verantwortlich ist, sich oxydativ abbauen 
und dadurch die und die heftig 
augenreizende Substanz sich bilden 
Die Boden abgesunkene blutrote Schicht 
besteht aus Wasser, aber zeigt negative 
Jodkali-Starke-Reaktion. Daraus folgt, dass 
kein Brom der Reaktion gebildet 
wird. 

Der Streitpunkt, den Reaktionsmecha- 
nismus Bezung auf das Bromketon klar 
machen, besteht zuerst der Entschei- 
dung, woran die Kohlenstoffkette des Ketons 
und darauf die Bildung der 
beruht. 

diesen Punkt ist die 
gleiche Reaktion des 
kon 
non VI) untersucht worden. Falls die Reak- 
tion einer ziemlich konzentrierten Lésung 
durchgefiihrt wird, findet keine dem genann- 
ten Effekt eigentiimliche Erscheinung statt 
(genau wie beim Bromketon V), 
sondern kann man nur ein bei 156.5~7.5°C. 
schmelzendes Dibromid des Ketons 
erhalten”. grésserer Verdiinnung unter 
des Bromwasserstoffs und 
des Sauerstoffs verlauft hingegen die Reak- 
tion anders, aber ganz der Reaktion 
des Ketons unter derselben Bedingungen. 
Nach Beendigung der Reaktion, man 
aus der gelben einen 
sauren Stoff, der einen Schmelzpunkt von 
174~7°C. aufweist und mit der 
Substanz daraus gewinnen ist, mag die 
der Reaktion des Ketons gebildete 
saure Substanz nur aus bestehen. 
dass das der Kohlenstoffkette zwi- 
schen dem Carbonylkohlenstoff und seinem 
a-Kohlenstoffatom stattfindet. 

Die Mengen der beinahe unter gleichen 
Bedingungen aus den Ketone 
und gebildeten werden auf der 
Tabelle verglichen. Man daraus, 
dass eine Zersetzung bei dem nicht sub- 


7) Dieses gesittigte Dibromid stimmt vielleicht mit dem 
LDibromid von tieterem Schmelzpunkt tiberein, das C. Wey- 
gand und A. Matthes (Ber., 59, 2247 (1926)) durch fraktion- 
ierende Umkristallisation des aus 4-Methyl-chalkon durch 
Addition des Broms unmittelbar gebildeten Dibromidsgemisches, 
als das Isomere des bei 175~6’C. schmelzendes Dibromids, 
erhalten, und dem sie den Schmelzpunkt von 149~1 C. verlie- 
hen haben. Wegen der ausserst geringen Gehalt des rohen 
Produkts an demjenigen Dibromid (héchstens 2°, d. Theor.), 
ist es aber sehr schwierig, ihn rein zu erhalten. Nicht nur 
das, ist es mit Recht anzunehmen, dass das Dibromid von tiefe- 
rem Schmelzpunkt, wie beim Fall von Keton V, vorziiglich 
aus dem ungesittigten Bromketon VI durch Addition des 
Bromwasserstoffs zu gewinnen sei, deshalb soll als der Sch- 
melzpunkt desjenigen Dibromids der oben angedeutete, auf 
dieser Reaktion von mich ermittelte Wert, nimlich 156,5~ 
7.5'C., ausgewahlt werden eher als der von C, Weygand und 
A. Matthes. 
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stituierten Keton weit heftiger als bei dem 
substituierten ist. 


Mengen der durch den Sauerstoffeffekt 
gebildeten aromatischen 
RCOOH 
mittel 
ccm. gr. mol.% 


Dass die Bildung der aromatischen Carbon- 
aus den Ketonen und dank des 
Sauerstoffeffekts wird, ist 
auch durch die Tatsache unterstiitzt worden, 
dass Gegenwart von der kleinsten Menge 
des Brenzkatechins, eines bekannten Anti- 
oxidants, weder das Wasser noch die Substanz 
Durchleiten des Sauerstoffstroms gebildet und 
nur das Dibromid von tieferem Schmelzpunkt 
als Reaktionsprodukt erhalten wird. 

Dass die Einwirkung des Sauerstoffs allein 
nicht genug ist, die genannte Zersetzung 
der Ketone und hervorzubringen, sei 
noch hinzugefiigt. Wie der 


Mitteilung hingewiesen werden soll, wird die 


saure Substanz stets 
mierten Reaktionsprodukt begleitet und fiir 
gebildet durch die Zersetzung des bromhalti- 
gen Radikals angesehen. 

Hier seien einige Angaben iiber das ver- 
wandte a-Bromketon gegeben. Dieses 
Keton wird aus dem Dibromid von héherem 
Schmelzpunkt, nach dem von 
Abell Bezung auf das Keton beschrie- 
benen durch Abspaltung von 
Bromwasserstoff und Behandlung 
alkohlischen mit wasserfreiem Kalium- 
acetat Das Keton gibt durch 
Einwirkung des Hydroxylamins alkalischer 
die bei 131~2°C. schmelzen- 
den, weissen Nadeln des 
isoxazols, der auch aus dem Dibromid durch 
das gleiche Verfahren ist. Seine 
Struktur wird dem Beispiel des 4’- 
Bromchalkons und anderen Analogen entschie- 


Beschreibung der Versuche 


Chalkon und 4-’Methyl-chalkon sind aus Benz- 
aldehyd durch Kondensation mit Acetophenon bzw. 


Weygand, Ber., 57, 416 (1924). 

9) R. D. Abell, loc. cit., 1002, 

10) C. Weygand, Ann., 459, 112 (1927) ;ibid., 472, 178 
(1929). 

11) A. H. Blatt, J. Am. Chem. Soc., 53, 1139 (1931); P. 
Barnes und L, B, Dudson, ibid., 67, 132 (1945), 
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dargestellt worden. Beim letz- 
teren, das bei 76.5~77.5°C. schmelzen ist!2), 
steigt aber der Schmp. durch Umkristallisation 
aus Methanol sehr schwierig auf. Reineres 
ist dadurch dass man das rohe 
Keton durch Addition des Bromwasserstoffs 
auf dem Wasserbad 
zum des Bromwasserstoffs erhitzt, und 
den erhaltenen Riickstand aus Methanol um- 
gewinnt man aus dem rohen 
Produkt von Schmp. 72.5~75°C. ein das 
durch einmaliges Umkristallisieren aus Methanol 
einen Schmp. von 75.8~77.2°C. aufweist, 
das nur durch Umkristallisation gereinigte Keton 
bei 73~6°C. schmiltzt. 3-Phenyl-5-p-tolylisoxa- 
zolin. Nach dem von Blatt betreffs 
kons beschriebenen erhielt man aus 
2.2gr. Keton tiber dessen Oxim 1.3gr. bei 
80~6°C. schmelzender Substanz, die, dreimal aus 
Athanol umkristallisiert, bei 93.0~94.5°C. schmiltzt 
N%: beob. 5.72, ber. fiir 
Einwirkung von Bromwasserstoff auf Ketone 
und II. Reaktion Benzol. man das 
Ketone 5~6 Teile Benzol auf und leitet brom- 
freien, getrockneten Bromwasserstoff ein, bildet 
sich Hydrobromid fast quantitativ. Beim Ke- 
ton scheidet sich der Teil des Produkts 
als weisser Niederschlag aus der ab, da- 
gegen bleibt das Hydrobromid des Ketons 
der die des letzteren 
Benzol recht grésser ist. Schmp. des Hydro- 
bromids des Ketons (IV): 103~109°C., Br%: 
beob. 26.53, ber. fiir 26.40. Wenn man 
einen heftigen Sauerstoffstrom mit dem Brom- 
wasserstoff durchleitete, wurde keine merkliche 
beobachtet. Die Anwesenheit der 
Feuchtigkeit ebenfalls keinen Einfluss aus. 
60ccm. bei 90~105°C. siedendem Ligroin und 
leitet Bromwasserstoff mit einem heftigen Sauer- 
stoffstrom eiskalt ein. Die Lésung scheidet nach 
wie bei der Reaktion Benzol 
der Fall ist, weissen Niederschlag des Hydrobro- 
mids ab, wobei stattfindet. 
Nach Beendigung der Reaktion wird der Nieder- 
schlag (Schmp. filtriert und das Lésungs- 
mittel unter vermindertem Druck bis einem 
Volum von 3ccm. abgedampft, wodurch weitere 
nen wird. Die erhaltenen Kristalle 86% 
Theor.) stimmt mit 
keton iiberein. Durch fortgesetztes Abdampfen 
des Ligroinfitrats auf dem wasserbade bleibt ein 
schwarzbraunes, etwas reizend riechendes 
Weitere Behandlung wurde nicht aus- 
gefiihrt. Bromhydroketone III und sind sehr 
und, durch wie auch eine 
Base beeinflusst, bilden sich die 
Ketone zuriick unter Abspaltung von Bromwas- 
serstoff. folgendermassen: wenn man 
0.43gr. Keton III 10ccm. Benzol lést und 


12) 4’-Methyl-chalkon ist polymorph und die durch dieses 
Verfahren zuerhaltende Substanz, die den oben angedeuteten 
Schmp. hat, ist von Weygand als 4-Form genannt worden. C. 
Weygand und A. Matthes, Ann., 449, 30 (1926), 

13) Blatt, cit. 
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Gegenwart von Pyridin (3.5 mol. Aquiv.) 
drei Tage stehen sich die Farbe 
gelb und der aus ihr durch Abdamp- 
fen des Benzols bei Zimmertemperatur erhaltene 
Kristall schmiltzt bei 50~90°C., was die Abspalt- 
ung von Bromwasserstoff recht erheblich aufweist. 
Pyrazolinderivate. Die Ketone 
und geben durch Reagieren mit Pheny!- 
hydrazin quantitative Menge der Pyrazolinderi- 
vate. Die aus dem Keton III Verbindung 
ist 1,3,5-Triphenyl-pyrazolin und stimmt mit dem 
Stoff, den Knorr aus Phenylhydrazon des Chalkons 
und Rupe Schneider durch Einwirkung 
des Phenylhydrazins auf 
N%: beob. 9.14; ber. fiir 9.40. Wird das 
Keton mit phenylhydrazin (etwas 
mehr als Mole) versetzt und das Ganze gut gek- 
netet, wird zur gelben Masse unter nicht 
gelinder Warmeentwicklung. Nach dem Erkalten 
wird durch Zugabe verdiinnter vom 
Hydrazin befreit und aus 
Benzol kristallisiert. 
zolin stellt bei 153.5~4.5°C. schmelzende Nadeln 
und eine fluoreszierende dar, wie 
die des Triphenylpyrazolins. N%: beob. 9.18; 
ber. fiir C2 H29N28.97. 


Bromketone und VI. Ke- 
ton wurde aus Chalkondibromid von 
Schmp. nach dem von Abell beschriebenen Ver- 
fahren dargestellt. Das Keton destilliert sich bei 
unter 5mm. Druck (nach Abell, 230~ 
1°C., 18mm.) und stelt schwach gelblich gefarbte 
Kristalle von Schmp. 43~4°C. dar. Br%: beob. 
27.89; ber. fiir 27.78. 
(II) Schwefelkohlenstoff auf und 
Brom eiskalt eintropfen, wird die the- 
oretische Menge von Dibromid erhalten. 
Das Dibromid ist schwer léslich Athanol und 
zwar werden nicht mehr als 1.6gr. desselben 
100ccm. siedendes Athanols Man 
aus dem oben Rohprodukt, dreimal mit 
Benzol umkristallisiert, gr. Dibromid von Schmp. 
177.0~177.5°C. Br%: 42.02; ber. fiir 
41.85. Anderseits wurde das Dibromid von tie- 
ferem Schmp., das dem Chalkondibromid von 
Schmp. 120~1°C. entspricht, aus Bromketon (s. 
unten auf durch Addition des Bromwasserstoffs 
dargestellt. Man 1.05gr. Keton 
Schwefelkohlenstoff auf und leitet der getrockneten 
Bromwasserstoff ein. scheidet sich 0.87 gr. 
des weissen Niederschlags ab, ferner wird aus 
der ein Ertrag von hinzugesetzt. 
Durch mehrmalige Umkristallisation der beiden 
aus Athanol steige der Schmp. bis auf 
155.5~6.8° und 140~4°C. Hierauf man die 
Mischprobe mit der gleichen Menge Dibromid von 
Schmp. aus, schmelzen die beiden 
bei 140~150° und 142~166°C., 

die Schmelzpunktserniederung beim ersteren 
auffallender als beim letzteren. Daher kristalli- 
siert man das erstere noch dreimal mit Athanol, 


14) Ber., 21, 1209 
15) ibid., 23, 957 (1895). 
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die bei 156.5~7.5°C. schmelzende weisse Na- 
deln gewinnen. Br%: 41.98; ber. fiir 
41.85. Bromketone wurde nach dem 
genau Verfahren wie beim Keton 
dargestellt. Sdp.: 212~4°C. unter 7mm. Druck. 
Das destillierte erstarrt durch mit 
Eis. wird gereinigt, indem auf der 
Tonplatte ausbreitet und zum Befreien von 
Unreinigkeiten mit behandelt. 
62~4°C. 26.70; ber. fiir 
des Ketons werden 35ccm. Methanol 
mit 0.69gr. Hydroxylaminhydrochlorid, gelést 
versetzt und zum Sieden erhitzt. 
Wird eine konzentrierte Lésung von 1.67gr. kaus- 
tischen Kalis darin hinzugesetzt, findet so- 
gleich eine heftige Reaktion statt und sich 
die Farbe der Fliissigkeit von Gelb Orange. 
Nach Beendigung der Reaktion fallen weisse Na- 
deln aus der sich kiihlenden die hierdurch 
wieder entfarbt. Man 0.95 gr. Isoxazol, der 
aus Methanol umkristallisiert, bei 131~2°C. sch- 
milzt. N%: beob. 5.8; ber. 
5.96. Derselbe Isoxazol kann auch bei der 
wirkung des Hydroxylamins auf 4’-Methyl-chal- 
kondibromid alkalischem Medium nach dem 
gleichen Verfahren gewonnen werden. 


Die Einwirkung des auf 
die Bromketone und VI. Reaktion 
Schwefelkohlenstoff. man 1.58gr. Keton 
8ccm. Schwefelkohlenstoff auf und leitet den 
Bromwasserstoff ein, triibt sich die 
weiss und die Reaktion vollendet einer 
Viertelstunde, wodurch 2.04gr. des Di- 
bromids gebildet werden. Der Ertrag ist fast 
quantitativ, darunter 1.06gr. man als Nie- 
derschlag, der bei 119.0~120.5°C., und den iibrigen 
Teil, 0.98gr. von Schmp. 108~114°C. aus dem 
Filtrat. Bezug auf das Keton sind Einiges. 
die Reaktion schon vorausgehenden Ab- 
schnitt Der Einfluss des Sauerstoffstrom 
auf den Verlauf der Reaktion hinsichtlich dieser 
Ketone kann nicht bemerkt werden, ver- 
andern sich die Ausbeute und der Schmp. des 
Produkts nicht. Reaktion 
Keton Keton werden 100 ccm. bei 
75~90°C. siedendes und eiskalt 
gehalten, und ein heftiger Sauerstoffstrom mit 
Bromwasserstoffstrom wird durchgeleitet. Nach 
Verlauf von halb bis anderthalb Studen triibt sich 
die Lésung (vor dem Triiben wird nur das 
derliche, Keton aus der zu- 
riickgewonnen), dann scheidet sich eine diinne 
Schicht von blutroter Farbe auf dem Boden ab. 
Hierauf nimmt die eine auffallende, gelbe 
Farbe an, die sich von der dem Keton 
zuzuschreibenden, schwach gelben Farbe deutlich 
unterscheidet, ferner wird sie durch den stark 
augenreizenden Geruch gekennzeichnet. Auf dem 
Bodem und der Wand des bilden 
sich prismatische Kristalle von Schmp. 117~120°C. 
Sie stimmen mit dem Dibromid von tieferem Schmp. 
nicht sondern ergibt sich durch Misch- 
probe als identisch mit Die Lésung 
wird zusammen mit den Kristallen mit. konzent- 
rierter durchgeschitttelt und aus- 
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bleiben 0.52 gr. Kristalle die nach Umkrista- 
llisation aus Wasser bei 121~2°C. schmelzen und 
ebenfalls sich als erweisen. Die von 
niedergelassene Schicht, deren Menge nach einer 
Reine von den beziiglich 2~4 gr. Ketons durch- 
Versuchen 0.8~1.5 gr. ist als 
Wasser anzunehmen, sie leichte Léslichkeit 
Wasser und mit wasserfreiem Kupfersulfat eine 
positive Reaktion aufweist. Darin befindet aber 
das Brom sich nicht, die Jodkali-Starke-Reak- 
tion negativ ist. Keton VI. Werden 2.00gr. 
Keton 65ccm. von demselben 
und nach dem gleichen Verfahren wie 
beim Keton der Einwirkung des Bromwasser- 
stoffs und des Sauerstoffs erlitten, wird keine 
als bei der Reaktion betreffs des 
vorangehenden bemerkt und die Reaktion 
ganz sich die Farbe der 
Lésung nach einigem Zeitverlauf gelb, bildet 
sich eine Schicht von Wasser und die 
sung kommt stark augenreizend riechen. Der 
mit konzentrierter ausgeschii- 
ttelte saure Stoff 0.12 gr., der aus Wasser 
auskristallisiert, bei schmiltzt und mit 
Schmelzpunkts- 
erniederung zeigt. Ferner schmiltzt der aus dem 
Filtrat durch Abdampfen des Wassers kleiner 
Menge gewonnene, saure Stoff bei 165~175°C. und 
ergibt sich auch als Die Benzoe- 
sdure ist darin nicht gefunden worden. 
fluss des Brenzkatechins. 2.50gr. Ketone 
werden mit des Brenzkatechins ccm. 
desselben Lésungsmittels aufgelést und nach dem 
auf vorangehendem Abschnitt beschriebene Ver- 
fahren behandelt. bilden sich weisse 
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Kristalle der Wand. Die 
riecht nach Verlauf von zwei und halb Stunden 
keineswegs augenreizend, und keine Bodenschicht 
wird bemerkt. bildet sich auch kein saurer 
Stoff. Die Menge des Niederschlags 1.33 
gr., der nach Umkristallisation aus 
einen Schmp. von 152~5°C aufweist und mit dem 
Dibromid von tieferem Schmp., d.h. dem normalen 
Additionsprodukt 


Zusammenfassung 


Die Untersuchung iiber die Einwirkung des 
Bromwasserstoffs und des Sauerstoffs auf 
einige Ketone zeigt, dass der 
beziiglich Chalkons und 4’- 
Methylchalkons nicht bemerkt werden, aber 
bei ihren a-Bromderivaten findet eine merk- 
wiirdige Erscheinung, d.h. Abspaltung der 
Kohlenstoffkette zwischen den Atomen des 
Carbonylkohlenstoffs und 
statt, die Bildung der aromatischen Carbon- 
siure zur Folge hat. Dies ist eine von dem 
Sauerstoffeffekt begleitete, neu gefundene 
und zwar wird Gegen- 
wart von einem Antioxidant, Brenzkatechin 
ganz und gar untergedriickt. Von der Menge 
des hierbei entstandenen sauren Stoffs aus ist 
auch klargemacht, dass die Zersetzung bei 
a-Bromderivat des Chalkons Vergleich mit 
dem entsprechenden des 4’-Methylchalkons 
erheblicher ist. 

Chemisches Institut, 
der Naturwissenschaften, 
Tokyo Tokyo 
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Introduction 


The authors already attempted Part IV” 
absolute expression the strength 
coal from measuring the stress required 
fracture, and the duration the stress, 
and hence the strength was discussed the 
values modulus” and molal acti- 
vation energy for fracture. Further results 
are described this paper with statistical 
treatment the factors affecting the strength 
coal. The stress rupture and activation 


energy, which should have been compared 
for samples analytical composi- 
tion and also same duration stress, are 
again given for several typical cases using 
the statistical correlation equations upon 
and ash concentration. 


Further Experiments the 
Fracture Coal 


Table shows the values covering 
mainly the range 0.1 second, Young’s 
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modulus from the vibrational method, Ea, Young’s 
modulus from the static (bending) method, 
well ash content weight and volume 
The measurements were carried cut for and 
the previously described apparatus mea- 
sure the breaking strength varying durations 
The dynamic Young’s modulus was 


one end the specimen, and the deviation 
the reflected light spot. 

The W/a value was taken from the “elastic 
strain-stress relation, i.e., the linear relationship 
which obtained from the total strain minus 
plastic deformation remaining after unloading. 
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obtained the acoustic method measuring the 
resonant frequency the rectangular specimen 
The static Young’s modulus 
was calculated measuring the deformation 
the specimen end reflection light from the 
mirror cemented one the ends, bending 
the rectangular specimen when the stress 
applied the center the length and the speci- 
men supported with two wedge-shaped metals 
near positions the ends. The experimental 
apparatus used includes that for the fracture 
measurement and schematically shown Fig. 
The equation which the static modulus 
elasticity, was calculated follows: 


@ 


Fig. Example Static Measurement 
Total Strain 
II, Plastic Deformation 
“Elastic” Strain (I—II) 
The crossing denotes the breaking point. 


Fig. shows example the static experiments 
for sample from American coal. 

The samples coal examined were selected 
from the species which had been discussed the 
preceding articles this study, i.e., American 
bituminous (strongly-caking) coal, Takashima bitu- 
minous (caking) coal, Toro bituminous (weakly- 
caking) coal and Shosaku anthracite. The des- 
criptions the samples general properties are 


Weight 


Fig. 1.—Apparatus measuring the Static 
Young’s Modulus 


where the weight, the span length 
specimen, the breadth, the thickness, the 
distance between scale and the mirror cemented 


Table 


given Part All specimens were 
cut from blocks rectangular bar with the 
accuracy each dimension and 
the bedding plane. The measurements were 
carried out after putting the samples the des- 
sicator 76% relative humidity for months 
avoid the influences owing the moisture the 
sample. 


Strength, Young’s Moduli and Properties Coal 


Ash Content 
Sample 
(sec.) (dyne/cm.?) weight volume 
(%) 
7.35 1.19 55. 42.05 
1.89 0.12 4.45 
3.34 0°23 1.74 
0.81 13.4 1.20 52. 
0.53 3.94 0.55 
0.69 7.86 87.40 


American 
(Bituminous, 
strongly- 
caking) 


3) K, Inouye, This Bulletin, 26, 84 (1953). 
Inouye, This Bulletin, 26, 157 (1953). 


Inouye, This Bulletin, 26, 200 (1953). 
Inouye, Colloid Sci., 190 (1951). 
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Takashima 
(Bituminous, 
caking) 


Toro 
(Bituminous, 
weakly-caking) 


Shosaku 
(Anthracite) 


n 


Strength and Young’s Modulus 


Some correlations have been expected be- 
tween the Young’s modulus which expresses 
the bond strength the solid and the break- 


strength. Tables and show the 
statistical expressions the correlation. 
the whole, samples with high elastic constant 
show high strength, assuming the duration 
load, always constant; these calcu- 
lations the Young’s modulus assumed 
independent the resonant frequency 
which the measurement was carried out, and 
other words, the errors shown the table 


Table 


NEN 
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1.61 
4.02 
4.75 


2.27 
13. 


© 


wo 


ar D> 
ow & 


~ 


’ 


contain the errors owing these possible 
dependencies. 

would, however, appear that strong 
correlation strength exists upon the static 
Young’s modulus rather than the dynamic 
Young’s modulus. This fact will naturally 
accepted the fracture experiments have 
been carried out the range mainly 
0.1 second, longer duration comparing 
with the rate deformation the acoustic 
method when the resonant frequency was 
approximately 5,000 c/s. 

Reading the figures Tables and 
unit. 


9 


Strength and Static Young’s Modulus 


Correlation 
Coefficient 
0.70 


Sample 


American 
Takashima 
Toro 
Shosaku 


Regression Line 
upon 
E,=0.05+1.27 
E,=0.16+0.48 


Standard 
Error 
0.12 


Test 
Correlation 
<0.01 
<0.01 


Table 
Strength and Dynamic Young’s Modulus 


Correlation 
Coefficient 


0.71 


Sample 


American 
Takashima 
Toro 
Shosaku 


Regression Line 
upon 
Ea=2.35+8.92 
Ea=2.99+1.28 
Ea=2.53+2.12 


Standard 
Error 
3.11 
0.79 
1.27 


Test 
Correlation 
<0.3 
<0. 
<0.1 
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Dynamic Young’s Modulus and 
Static Young’s Modulus 


The dynamically obtained elastic constant 
remarkably larger than the static modulus 
elasticity; the experimental result understood 
from the general concept rheology that the 
static deformations force the material deform ac- 
companied with some flows. This characteristic 
recognized especially American bituminous 
coal, with 35% volatile matter mean value, hav- 
ing remarkable difference between two series 
elastic moduli. 

The statistical calculations Table suggest 
high correlation between and Comparing 
also and Table for each specimen, 
may significant note the facts, (1) for each 
coal, variations owing every affecting factor 
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appear support the proposed concept coal 
structure from the rheological standpoint; one 
the authors’ (K.I.) previous experiments has shown 
that, strongly-caking coals, ash the centre 
solvation organic coal molecules, just like 
“filler” the plastics, and the molecules with 
weaker intermolecular forces, surrounding 
rigid micelle structure solvated molecules, act 
“plasticizer”, especially when the whole 
system carbonized, during which softening 
the system say 400~500°C. characteristically 
molecular forces plasticizer molecules makes 
them distinguished being easily extracted 
solvents. Therefore, for example, the so-called 
atmosphere) content, function ash con- 


natural interpret the wide difference between 
and for low ash content samples 
phenomenon based remarkable viscous flow 
weakly combined molecules. However, the authors 
consider that more detailed measurements 
refined apparatus would necessary for further 
discussions. 


are less than variations, (2) the range low 
ash content, ratio markedly large, pro- 
bably because the influence viscous flow, 
low ash content means high content bituminous 
matter which acts the plasticizer (refer Part 
and this study), and (3) ratio large 
especially for the bituminous coals. These points 


Table 
Young’s Moduli from Dynamic and Static Methods 


Standard 
Error 


Correlation Regression Line Test 


Coefficient upon Correlation 
Takashima 0.53 Ea=2.66+2.68 0.72 <0.1 
Shosaku 0.52 Ea=5.32+4.48 <0.2 


Sample 


American 


properties the coal are characterized the 
solvation factor, molecules around ash and 
also the modulus the theory 
valid, and the fact accepted that the strength 
also linear function (especially the static 
Young’s modulus, described above), the strength 


Correlation Strength 
Ash Content 


one the authors (K.I.) has proposed 
the preceding paper?), Young’s modulus linear 
function ash concentration (dry basis) 
volume for each species, and hence the 


Table 
Strength and Ash Content 


Regression Line Standard Test 
0.11 ~0.2 
f=0.68 +0.048 0.13 <0.3 
f=1.26 +0.024 <0.5 
f=1.93 —0.24 <0.1 


Range Correlation 
(%) Coefficient 
0.9— 3.1 0.73 
3—13.5 

42. 
1.0— 2.0 
2.0— 4.0 
0.75 

3.0— 5.6 —0. 


Sample 


American 


Takashima 


Yubetsu 


Shosaku 
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Table shows the relationship for three 
present samples (Toro was omitted for low 
correlation) well Yubetsu coal, producer 
gas coal. (Data for Yubetsu coal are shown 
Table Part IV.) The dependence upon 
ignored these calculations. The calculations 
were carried out for several ranges each 
coal; the correlation differs with the ranges. 
The better correlations accordance with the 
division have led the authors consider the pro- 
perties samples for each divided range 
One example will discussed the next paper 
for Takashima coal. 


Table 


Rheology Coal. Some Factors Affecting the Strength Coal 


Correlation Strength upon 
Ash and Time 


The strength the function not only but 
correlated with both and formulation 
between 1/f, (or was tried using also data 
reported Part the study. The multiple 
correlation coefficients suggest, however, that 
better formula could found; low correlation 
may due the assumption that 1/f 
linear relationship with (or 1/p) and also with 
logt. 

For example the calculation, formula 
for American coal, which showed best correlation 
within the samples examined, given Table 


Strength, Time and Ash Content 


Multiple Corre- 


Sample lation Coefficient 


American 


The molal activation energy for fracture, 
obtained according Equations (5) and (6) 
Part the study, 


where, the Boltzman constant, the absolute 


temperature, the Avogadro’s number and 
“fatigue modulus”, i.e., the inclination 


Table 


Regression Line Standard 
Error 


the linear relationship between 1/f and 
Table the preceding paper, values were 
given however for samples with varying ash con- 
centration. was therefore apparently difficult 
compare the values for the optional conditions. 

Using the formula Table between 1/f, 
and for American coal, values can 


and compared assumed constant ash 


concentration and the same values Table 


Strength and Molal Activation Energy for Fracture t=0.1, 
and sec and »=1, and 10% 


o=1 


t 
Sample 
(sec) 


American 0.1 084 35. 
081 36.4 
079 


shows the values for several typical cases. 
The temperature was assumed 15°C, the aver- 
age room temperature during the experiments. 
The American bitumious coal remarkably weak 
low ash contents and the same time needs 
high activation energy for fracture. The depen- 
dence strength duration load, also 
obtained. Such treatment would enable des- 
cribe the strength the coal more definite 


(kg/mm?) (Kcal/mol) 


(kg/mm?) (kg/mm?) (Kcal/mol) 


8.6 5.3 
9.9 0.45 6.6 


expression than routine methods used coal 
industry. 


The authors hereby express their thanks Dr. 
Kurokawa and Mr. Baba for interest 
this investigation. 

Shigen-Gij 
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The Diamagnetic Sucseptibilities and Anisotropies 
the Polynuclear Aromatic Compounds 


Hideo AKAMATU and Yoshio MATSUNAGA 


(Received January 20, 1953) 


Introduction 


Aromatic compounds show the large dia- 
magnetic anisotropies, the values the 
principal susceptibility normal the planes 
molecules are abnormally large compared 
that the planes. The phenomenon has 
been explained the presence the non- 
localized electrons these molecules, one 
per aromatic carbon atom, which 
are free circulate, under the influence 
the magnetic field, from one atom the 
other along the aromatic rings. 
haviour closely analogous the electric 
current induced conducting 

general, the diamagnetic anisotropy for 
magnetic data which are observed along the 
principal axes crystal, combined with the 
informations about the orientation the 
molecules it. Several for 
aromatic compounds have been made this 
way. Such method the orthodox one, 
neverthless, can not applied the sub- 
stances whose crystal structures have not 
been fully analysed. Moreover, frequently, 
can not obtain the single crystals large 
enough size able used for the 
magnetic measurement, especially when the 
molecular weight becomes larger. such 
case, the specimens are made fine 
crystals the powder form, and 
merely the values the mean susceptibility 
that can know. Fortunately, however, 
the case the planar molecules the 
condensed polynuclear aromatic compounds, 
able evaluate approximately the 
diamagnetic anisotropies from the values 
the mean susceptibility. The method has 


1) E. Hiickel, Z. Physik., 83, 632 (1953). 

2) A. R. Ubbelohde, Nature, 132, 1002 (1933). 

London, phys. radium., 397 (1937); Chem. 
Phys., 5, 837 (1937). 

4) H. Brooks, J, Cem. Phys., 9, 463 (1941). 

5) B. Pullman et al., J. phys. radium., 12, 652, 717 (1951); 
13, 15 (1952). 

6) R. McWeeny, Proc. Phys. Soc., AG4, 261, 921 (1951). 

Pauling, Chem. Phys., 673 (1936). 
Lonsdale, Proc. Roy. Soc., London, A159, 149 

1937). 

9) K. S. Krishnan, Nature, 130, 313, 698 (1932); K. 
Lonsdale and Krishnan, Proc. Roy. Soc. London, A156, 
597 (1956); S. Banerjee, Z. Krist., 100, 316 (1959). 


Let and the principal mole 
susceptibilities for molecule, where and 
are those the plane molecule, and 
that perpendicular the plane. Then 
the mean mole susceptibility will ex- 
pressed 


(1) 


can assumed that for the 
planar structure molecule. Then the dia- 
magnetic anisotropy the molecule ex- 
pressed 


The anisotropic part the susceptibility, 
AK, due the circulation the 
the plane molecule, whereas (and 
the isotropic part and will the sum 
the atomic susceptibilities based the 
distribution electrons being spherical sym- 
metry. The approximate expressions for 
have been made several authors. Pauling” 
has assumed the atomic susceptibility 
aromatic carbon, aside from the 
the other hand, 
Hazato and Pacault have used the Pascal’s 
empirical formula modified way, i.e., 


(3) 


was assumed Hazato, and 


(C=C) 
(3)’ 


was assumed Pacault. this way, 
for hydrocarbons expressed 


(4) 


Better results the way the latter 
authors are given than the former. the 
present report, was used 
following combined with 
—2.93 


10) Hazato, Chem. Soc. Japan, 64, 483 (1943); 
Shiba and G. Hazato, This Bulletin, 22, 92 (1949). 
11) A. Pacault, Bull. Soc. Chim. Frarce, 1949, D. t). 
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Experimental 


part the materials was obtained 
from the commercial products, neverthless, most 
materials were synthesized Mr. Handa 
our laboratory. All the materials were care- 
fully purified the usual method. each case, 
the repeated sublimation vacuo was applied 
the last process the purification. the mole- 
cular weight increases, good solvent can 
found for the polynuclear aromatic compounds, 
consequence, the ordinary method purifica- 
tion including the dissolution process can not 
applied. Even such case, the method 
sublimation vacuo gives the favourable results. 
Some details for the materials have been given 
previous 


Magnetic Measurements.—The Gouy method 
was employed for the measurements the 
magnetic susceptibility. The specimen tube was 
made cylindrical glass tube, which was 
separated into two sections glass partition. 
The upper half was packed with the sample, while 
the lower half was permanently evacuated. This 
was suspended between the poles magnet, 
hanging from arm analytical balance, 
that the lower end the sample column was 
nearly the centre the poles, while the lower 
portion the tube extended below the magnetic 
field. The dimension the sample container 
was about 33mm. height (about half the length 


the total tube) and about 0.094 cross, 


section, one example. The diameter the 
pole face 20mm., and the gap between the poles 
8mm. 

Taking water the standard substance, the 
mass susceptibility, given 


where are the mass and the density, re- 
spectively, the sample, are the volume 
susceptibilities water and air respectively, 
are the apparent changes weight applica- 
tion the magnetic field when the tube filled 
with water, and with the sample occupying the 


Substance 


Benzene 


Naph- 
thalene 


12) H. Inokuchi, S. Shiba, T. Handa, and H. Akamatu, 
This Bulletin, 25, 229 (1952). 


Table 


Diamagnetic Susceptibilities and Anisotropies Condensed 
Polynuclear Aromatic Hydrocarbons 
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same volume water respectively, and 
that for the empty tube. Hence, 
the cell-constant. The values and 
were assumed and +0.0294 
respectively 20°C. constant magnetic 
field, about 23,000 oersteds was applied every 
case. known investigators that the 
accuracy measurements powdered samples 
limited the uniformity and reproducibility 
packing. seems preferable pack the 

Among series measurements, the calibra- 
tion was checked with naphthalene from time 
time. The mass susceptibility naphthalene 
estimated our experiment was 


Results 


The results are shown Table for 
hydrocarbons well Table for 
quinones. these tables, the values the 
diamagnetic anisotropy calculated equation 
(2) and (3) are given column The 
values for the low molecular weight members, 
taken from the International Critical Tables, 
are also shown for comparison. 

For quinones, the calculations were 
made using the value for 
with the assumption that the carbon 
atoms the carbonyl radical would 
aromatic; consequence, X(C) for these 
carbon atoms was also assumed —3.36 
instead for aliphatic 
carbon. This latter assumption preferable, 
since the calculated value for p-benzo- 
quinone not far from which was 
evaluated Lonsdale and from 
the anisotropy the crystal, and calcu- 
lated for anthraquinone not far from 165 
which was supposed Banerjee”. Which 
assumption would made, the difference 
will small for compounds with the higher 
number carbon atoms. 


Mass Mole Aniso- 
Suscept. tropy (A) (p) 


91.9 105 1.57 (10) 


13) The factor understood with all values 
of susceptibility and anisotrepy in the following discussion. 
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An- 
thracene 


Phenan- 
threne 


Meso- 
naphtho- 0.612+0. 001 
dianthrene 


Dibenz- 


366 
718* 127.9 155 1.61 (14) 
om 
| 
\ 
214.6 238 1.42 (28 
4 
| 
A 
443 1.87 (30) 
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Indan- 


Violan- 


threne 0.641+0.002 273. 1.49 (34) 


International Critical Tables 


Table 


Diamagnetic Susceptibilities and Anisotropies 
Condensed Polynuclear Quinones 


Mass Mole 
Substance Suscept. Suscept. tropy (A) (p) 


quinone 382 41.3 1.24 (6) 


Anthra- 
quinone 


Phenan- 
104.5 
quinone 


| 
| 
367 
616 2.12 (32) 


Ps 


Dibenz- 
phenan- 
throne 


Anthan- 


throne 


Dibenz- 
pyrene- CosH 202 
quinone 


quinone 


Meso- 
dianthrone 


Helian- 
throne 
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581+ 002 


001 


497+ 003 
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1.82 (21) 


1.44 (24) 


1.56 (28) 
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throne 


Critical Tables 


will seen from the results that, caused the circulation the 
general, the diamagnetic anisotropy electrons the molecular plane, their contri- 
progressively large with the increase the the anisotropy can expressed, 
number rings. However, the the Langevin theory as, 

way, but strikingly depends upon the shape 
the molecule the way the aromatic 
condensation. Therefore, see the rate 


where the average effective radius 
the z-electron orbitals, the number 
increment the anisotropy, desirable the and the other symbols 
carbon atom z-electron. Since the aniso- values are given the last column 
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the tables with the values assumed. 

For benzene, the average radius the 
orbitals calculated 1.44A., and this 
average may compared with 1.39A., the 
radius the benzene nucleus itself. the 
condensation rings increases, from benzene, 
through naphthalene, anthracene, pyrene, 
anthanthrene, dibenzcoronene, ovalene, the 
average z-orbital radii become progressively 
large. The final product the aromatic 
condensation found graphite, whose 
average z-orbital radius about 8A., cal- 
culated from Krishnan’s the same 
way. 

The large value the average 
radius means that some fractions 
trons occupy the orbits whose radii are larger 
than that single benzene ring, other 
words, their mobile non-localized character 
increased the statistical sense. This 
occurrs among the above molecules. 

the other hand, there are molecules 
whose average z-orbital radii are relatively 
small, notwithstanding the fact that they are 
made large number rings. For 


which merely comparable benzene. 

Fig. the average z-orbital radii are 
plotted against the number 
refering the molecular structures. 
will seen this figure, that the molecules 
occupying the upper positions are made 
the closely compact arrangement rings, 
while the molecules occupying the lower 
positions are made the extended con- 
cave arrangement rings. The molecules 


Average -Orbital Radius in A. 


Number of Carbon Atoms 


The average z-orbital radii are 
plotted against the number 
carbon atoms 
refering the molecular struc- 
tures. 


14) K. S. Krishnan, Nature, 133, 174 (1934).- 
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discussed above belong the former 
while the latter group the z-electrons must 

more less localized the statistical 
sense. 


Perylene and Meso-naphthodianthrene— 
worth while comment perylene 
and meso-naphthodianthrene. For perylene, 
the diamagnetic anisotropy has beeen evalu- 
ated Shiba and (perylene) 
result, they assumed that the perylene mole- 
cule has two predominant naphthalene nuclei 
and the central hexagon this molecule has 
special structure which does not contribute 
the diamagnetic anisotropy. From .the 
results the calculation the diamagnetic 
showed that this argument supported when 
assumed that the central hexagon bonds 
Moreover, when the central hexagon as- 
sumed equivalent the other rings, 
the usual chemical language, the perylene 
molecule not made aromatically con- 
jugated system the molecule whole 
but separated into two naphthalene nuclei. 
(Fig. 2a). When this not the case, the 
molecule would have the quinoid structure 
with excess electrons. (Fig. 2b). This leads 
the localization the z-electrons. There- 
fore would not unreasonable anticipate 
that the diamagnetic anisotropy perylene 
may smaller than twice that naphtha- 
lene. 

The mole susceptibility perylene has 


9 


Meso- 
naphthodianthrone, (f): Dibenz- 
coronene, (g): Ovalene. 


15) G. Hazato, This Bulletin, 22, 151 (1949). 

16) In the calculation by Hazato for this case, no definite 
value was obtained, neverthless, our recalculation shows that 
4K(perylene)/4JK(naphthalene)=~-0.08, neglecting the overlap 
integra!. 
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been found 171 Shiba and Hazato, 
the present report. The smaller value 
evaluated from both the latter rather 
than from the former; neverthless, the 
difference will not large. Therefore, the 
contribution from the quinoid structure 
the wave function perylene will not 
very large, least from the magnetic stand- 
point. 

Meso-naphthodianthrene the same 
situation perylene. (Fig. 2c,d). this 
case, however, the diamagnetic anisotropy 
much smaller than twice that anthracene, 
The 
average radius merely comparable 
that benzene. This means that the 
localization occurrs much 
more strongly meso-naphthodianthrene 
than perylene. This agreement with 
the empirical fact that the former more 
chemically reactive than the latter, 
easy synthesize ovalene from meso-naph- 
thodianthrene the reaction with maleic 
anhydride, while difficult synthesize 
coronene from perylene. 

dibenzcoronene, the aromatically con- 
jugated system can completed least 
the molecule whole, (Fig. 2f); then 
the diamagnetic anisotropy well the 
average radius jumps the higher 
value. This further increased ovalene. 
(Fig. 

The colour meso-naphthodianthrene 
deep green, while meso-naphthodianthrone 
brownish green, dibenzcoronene brown, 
and ovalene reddish orange. interest 
that the former has the deepest colour 
among these. This may associated the 
structure which the contribution from the 
large electric moment takes place; this leads 
the quinoid type structure with the 
excess electrons pairs making the formal 
charge. The triplet state may conceivable 
too, whose paramagnetic contribution cancels 
the diamagnetic property part. However, 
this fact has not yet been ascertained. 

The similar discussion must also ex- 
tended the molecules with long shaped 
structure, such violanthrene, since their 
diamagnetic anisotropies are small. 


Quinones 


the calculation the average 
radii quinones, was assumed that the 
all carbon atoms, including the 
carbonyl radical, contribute 4K. For 


17) Pacault, Ann. chim. 257 (1946). 


The Diamagnetic Susceptibilities and Anisotropies 371 


benzoquinone, the average radius 
when calculated with six 
this way, whereas 1.52A. with four 
electrons omitting two combined oxygen 
atoms. the present report, the calculation 
followed the former way, and assumed that 
the difference the values bet ween p-benzoqui- 
none and benzene due the localization 
the z-electrons caused the carbonyl 
radicals. consequence, the evaluated values 
the average z-orbital radii for quinones, 
general, become little smaller than that 
for the corresponding hydrocarbons. This 


difference about 0.2A. This 
the case phenanthrene- 
quinone, anthanthrone, and dibenzpyrene- 
quinone. 

Neverthless, for meso-naphthodianthrone, 


the values and are much larger 
than that corresponding meso-naphthodi- 
anthrene. will understood from the 
discussion the preceding section, when 
remember that passing from meso-naph- 
thodianthrene meso-naphthodianthrone the 
aromatically conjugated system the mole- 
cule whole can completed, and this 
leads the delocalization excess electrons 
the former. (Fig. 2e). 

The opposite case this seen, when 


‘passing from violanthrene violanthrone. 


The diamagnetic anisotropy violanthrone 
abnormally small; the average 
radius only 1.05A. this case, again, 
the molecule can not made aromat- 
ically conjugated system whole but 
separated into two benzanthrone nuclei. The 
overlapping effect this and the elongated 
structure this molecule strikingly decreases 
the diamagnetic anisotropy. The value 
violanthrone not only far smaller 
than twice that benzanthrone, but 
even smaller than that benzanthrone it- 
self. 

From the results discussed above, may 
concluded that, when molecule can not 
made aromatically conjugated 
system whole but separated into two 
predominant nuclei, the larger the nuclei are, 
the more strongly the diamagnetic anisotropy 
falls off. 

The Tables contain the results few 
aza-aromatic The magnetic 
property the aza-aromatic ring quite 
like that the benzene ring. This clearly 
shown when comparing the result flavan- 
throne with that pyranthrone. 


= [(-6.00-5.57 +8.16)-(-3.36)] -0.05* was assum- 
ed, from the Pascal’s constants and equation (3). 
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Summary 


The magnetic susceptibilities condensed 
polynuclear aromatic compounds with higher 
molecular weights (ten hydrocarbons and 
twelve quinones) have been measured the 
Gouy method, and the diamagnetic aniso- 
tropies have been approximately evaluated. 

The diamagnetic anisotropy becomes pro- 
gressively large the number rings 
increases, when the aromatic condensation 
takes place the manner the closely 
compact arrangement rings; while, when 
not the case, depends strikingly upon 
the molecular structure. 

When the diamagnetic anisotropy has 
smaller value, notwithstanding the molecule 
made large number rings, the 
localization the z-electrons some other 
excited states must assumed. Such 
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case found, when molecule not made 
the aromatically conjugated system 
whole but separated into two predominant 
nuclei, meso-naphthodianthrene and violan- 
throne, when molecule made long 
shaped structure pyranthrene violan- 
threne. 
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Heats Solution Crystalline Quinone, Hydroquinone and 
Quinhydrone into Acetone and Heat Formation 
Crystalline Quinhydrone 


(Received February 23, 1953) 


Introduction 


Although there have appeared already 
numerous investigations the crystalline 
molecular compounds from the standpoint 
organic chemistry crystalline states, physico- 
chemical studies concerning the interaction 
energies between component molecules are 
very scanty comparison with those solu- 
tion. The heat formation the molecular 
compound however, involves 
ambiguous energy quantities referring the 
solvation energy, the accurate estimation 
which difficult account the unknown 
relative molecular arrangement. 

the other hand, during the past several 
years, considerable number complete cry- 
stal structure determinations molecular 
compounds have been performed, that 
much more suitable determine the in- 


teraction energies these materials. For 
this purpose, have determined pre- 
vious indirectly the interaction energy 
quinhydrone, its crystal structure being 
completely determined this laboratory”. 
the present investigation, have under- 
taken determine this energy more accu- 
rately direct measurements heats 
solution quinhydrone well those 
component crystals. 


Experimental 


Apparatus and procedures.—T calorime- 
ter used for the present work principle 
identical with that reported previous 
few points improved now are follows: 


1) I. Nitta, S. Seki, H. Chihara and K. Suzuki, Sci. Paper 
Osaka Univ. No. 29 (1951). 

2) I. Nitta, K. Osaki and H. Matsuda (to be published). 

3) S. Seki and K. Suzuki, This Bulletin, 26, 63 (1953). 
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order hold the constancy tempera- 
ture the thermostat more accurately, the whole 
apparatus was surrounded air thermostat, 
the temperature which was controlled within 
the accuracy 0.1~0.2°C and held ca. 0.2°C below 
the temperature the water thermostat. For 
the regulation temperature the inner water 
jacket, five helical glass tubes ordinary toluene 
regulators were connected parallel (ca. 
and the portion mercury-platinum contact was 
dipped into the water order avoid the tem- 
perature fluctuation the outer atmosphere. 

the results these improvements the tem- 
perature the inner water jacket was held 
constant within the accuracy 0.0001°C. 

ii) Instead the precision type voltmeter and 
ammeter used previously for the determination 
water equivalent the calorimeter, Yokogawa 
P-7 type low voltage potentiometer and potential 
divider (resistance, 29330 ohm; magnification, 
were used for the measurement voltage 
drop the calorimeter heater, and the current 
through the heater was calculated the measure- 
ment the potential drop manganin standard 
resistance (9.9967 ohm 25°C, immersed special 
transformer oil) connected series with the heater. 
the change resistance the standard re- 
sistance and potential divider due Joule’s heat 
was very small, its effects can ignored. The 
correction for the amount current through the 
circuit the potential divider was taken into 


Fig. 1.—Calorimeter heating circuit 
Se: switches 
calorimeter heater 
standard resistance 
ballast resistor 
potentiometer 
Potential divider 
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consideration. The circuit for the determination 
water equivalent shown Fig. 

iii) For the accurate determination the heat 
solution crystalline materials, very 
desirable dissolve specimen quickly 
possible into the solvent. For this purpose, 
have chosen acetone the solvent. dis- 
solving device, have adopted the method 
breaking thin glass bulb (capacity: ca. 
containing powdered specimen. this way, 
about 80% the samples dissolve within fifteen 
seconds and the whole process dissolution was 
accomplished within about three minutes. The 
endothermic effect due the evaporation ace- 
tone into the air bubbles liberated from the glass 
bulb was calibrated before the experiment and 
found expressed approximately the fol- 
lowing relation: 


cal 


heat absorbed, 
empty space the bulb cc. 


Samples 

Hydroquinone (Hq): The product 
Pure Chemicals Ltd. was recrystallized twice from 
alcohol and then subjected fractional subli- 
mation under high vacuum Hg) 100°C. 
(Melting point: 172.5~173.0°C.) This material has 
three and The material 
obtained this operation was ascertained 
the taking the Debyephotograph. 


exclude the possibility coexsistence the 


minute amount the the sample was 
powdered agate mortar and stored for about 
four months vacuum desiccator. 

ii) Quinone (Q): prepared 
above was oxidized sulfuric acid and aqueous 
solution then recrystallized from ben- 
zene and ligroin, and finally subjected fractional 
sublimation under high vacuum room tempera- 
ture using solid carbon dioxide the cooling 
material. (Melting point: 115.0~115.5°C.) 

iii) Quinhydrone (QH): Equimolar and 
prepared the above mentioned methods are 
dissolved into acetone. Then this solution was 
evaporated gradually room temperature for 
about one day. The precipitated the bottom 
the beaker was stored darkened desiccator 
together with pure order prevent frac- 


Fig. model for quinhydrone 
Murakami 


4) W.A. Caspari, J. Chem Soc. 129, 2944 (1926); 131, 
1093 (1927) H.M. Powell and Riesz, (1948). 
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Results and Discussion 


ments were carried out about 24°C and 
their results are given Table the 
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solvent for the determination the heat 
solution pure acetone well acetone 
solution already containing equimolar 
were used see the molecular compound 
formation possible the solution. 
shown the table, two values heats 
solution for these solvents were equal within 
the experimental error. 


Table 
Heats solution QH, and 


Sample Exptl. No. 


0.01 384 494 
0.01 373 499 
0.01 393 491 


24. 
24.14 


9.142 
9.179 
9.119 
012 
—0. 380 
—0. 358 
008 


Quinhydrone 


0.01 
0.01 
Average 


394 
439 


491 
476 


24. 


Hydroquinone 24.10 


435 


0.01 
0.01 
Average 


Quinone* 


Quinone 0.01 


mole number the sample used. 


399 


394 


477 
490 


23. 


4.100 
129+ 022 


491 23. 


mole number acetone dissolve one mole solute. 
average tcmperature the measurement. 

+sign taken for the endothermic process. 

for the solvent containing equimolar Hq. 


Heat solvation quinone and 
hydroquinone. Energy hydrogen bond 
between acetone and hydroquinone.—Prior 
the discussions the problems mole- 
cular compound formation, the solution state 
each component will discussed here. 
well-known, the heat solvation infinite 


dilution 
equation 


given the following 


4H y= 4H 4H sur 


where the heat solution in- 


finite dilution, the heat sublimation 
the crystals. The heat solution obtained 
the present investigation correspounds 
that finite concentration, that the heat 
dilution brought the infinite dilution 
should added over this experimental value 


evaluate for the heat dilu- 


cal/mol. from the considerations the data 


* The samples preciptated from aqueous or alcoholic solu- 
tions, the products prepared from the melts of the equimolar 
components, the product Kahlbaum Co., etc. exhibit lower 
melting points as well as wider melting ranges than the sample 
mentioned above. 


heats dilution® aqueous solution the 
concentrated state connection with the data 
the degrees association phenol non- 
polar solvent determined infra-red absorp- 
tion spectra®. Presumably this correction 
factor much less for Since the orders 
magnitudes these corrections are 
smaller than equal the experimental 
errors the heats sublimation, may 
approximately correct substitute 


(under experimental condition) for for 
the present discussion. Table were 


calculated this assumption use the 
heats sublimation measured us.” 
the table also the values for aqueous solutions 
and that resorcinol are given for reference. 

There exists evidently considerable differ- 
ence between the heats solvation for ace- 
tone and respectively, seen the 
table. This fact may explained the 
following way 


Considering the process dissolution 
molecule into solvent, heat solvation 
molecule consists the following two parts 


5) “International Critical Table.” 
Liitcke and Mecke, Electrochem, 53, 241 
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namely, (I) the heat necessary create 
cavity which holds solute molecule solvent 
(endothermic) and (II) the heat evolved due 
the interaction between solute molecule 
and surrounding solvent molecules. these 
two, the former may looked upon 
approximately equal for and because 
their nearly equal size and shape. Hence, the 


Fig. 3.—A schematic representation mole- 
cular packing quinhydrone crystal 

Hatched circles: oxygen atoms quinone 

White circles: oxygen atoms hydroquinone 


hydrogen bonds 


general, the energy hydrogen bond 
determined solution state has always 


Table 
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difference should attributed the second 
effect, which van der Waals interaction 
between solvent and solute molecules may 
also nearly equal. Accordingly, the difference 
9.64 kcal/mol. should attributed the 
hydrogen bond formation 
type shown Fig. whereas the 
molecule does not form such hydrogen bond. 


some ambiguities, the estimation the 
differece the solvation energies associated 
and non-associated molecules difficult. 
the present case, however, they are cancelled 
empirically the solvent effect mole- 
cule having nearly equal size, shape and 
electrons. The energy hydro- 
gen bond kcal/mol determined 
somewhat smaller than that formic acid 
dimer” (6.3 kcal/mol.) having similar type 
hydrogen bond O=C). This small 
difference may attributed the weaker 
proten donating power hydroquinone and 
the weaker proton accepting power 
acetone molecule. 


The smaller difference between the heats 
hydration and (5.35kcal/mol: see 
Table comparision with that heats 
solvation for acetone indicates possibility 
hydrogen bond formation molecule 
aqueous solution where the water molecules 
play dual role proton donor well 
protoa acceptor. For the quantitative ex- 


Heats solution, hydration, solvation and related data Hq, 


and resorcinol. 


unit: 


Water Acetone 
4Hsuv 4H AHnya AH son AH ww 

Hydroquinone 21.54+0. (a) 4.50(d) 17. 21.91 
Resorcinol 22.8 +0.4 (b) 4.0 (e) 18.8 

See reference (1) 

K.L. Wolf and H.G. Trieschmann, physik. Chem., (1934). 

Schreiner, 4.69 kcal room temp. 

Schreiner, 4.50 kcal room temp. (sample crystallized from glacial 


acetic acid), 4.56 kcal room temp. (sample sublimed ordinary pres- 
sure); Kolossowsky, 4.46 kcal 16°C, N=282; have adopted average value 


Schreiner and that Kolossowsky. 
Robertson and Ubbelohde, 4.12 kcal 18°C 3.90 kcal 


7) As to the estimation of hydrogen bond energy of formic 
acid dimer, see I. Nitta, S. Seki and K. Suzuki, This Bulletin 
24, 64 (1951). 


18°C N=410 have adopted the average their values. 


CHy y CH; : 
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planation this difference, however, further 
informations the nature proton accep- 
ting power the phenol derivatives may 


Molecular compound formation.—Now, 
should like proceed the problem 
molecular compound formation. According 
many physico-chemical investigations car- 
ried out the following chemical 
equilibrium 


water, alcohol and liquid ammonia always 
largely shifted the right hand side room 
temperatures, and the amount mole- 
cules only even the saturated solu- 
tion. Therefore, the case dilute solution 
where the present work was the amount 
Indeed, the present experiment, the fact 
that the heat solution for pure acetone 
equal that for acetone solution containing 
equimolar within the experimental error 
(ca. cal.) concordant with this expecta- 
tion. 


the basis these discussions given 
above and from the data heat solution, 
are now position calculate the 
heat formation crystals from the 
component crystals 24°C. The heat 
formation O°K. can also estimated em- 
ploying the specific heats data measured 
These two values together with the 
corresponding changes entropy and Gibbs 
free energy which are calculated assuming 
the validity the third law thermodynam- 
ics, are all given Table the Table, 
the heats formation (the first 
row) calculated from 
mic investigations are also given for re- 
ference. these the second one (4.7 kcal.), 
which was estimated from our previous in- 
vestigation the vapor pressure 
and nearly equal the value deter- 


8) In the case of aliphatic alcohols, we have analysed this 
problem somewhat more in detail. see ref. (5). 

9) a) Vapor pressure depression of ammonia solution: I. 

Shaltenstein and A.M. Monoszon, Z. Phys Chem., A165, 
147 (1983). 

b) Solubility in acqeous solution: A. Berthoid and S. Kunz, 
Helv. Chim. Acta. 21, 

c) Absorption spectra in aqueous and alcoholic solutions: 
L. Michaelis and S. Grannick, J. Am. Chem. Soc., 66, 
1023 (1944). 

-d) Diamagnetic susceptibility: L. Michaelis, M.P. Schu- 
bert, R. K. Reber, J. A. Kuck and S. Grannick, J. Am. 
Chem. Soc. GO, 1678 (1933). 

* Judging from the heat of dissociation of QH (2.35 kcal/ 
mol) measured by Berthoid et. al. (9b), the amount of QH 
may less than the present experimental condition. 

10) The values of Lange are put in order by Schreiner, Z. 
phys. Chem., 117, 57, (1925). 
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Table 


Some data crystalline 
quinhydrone 


(c)) 

AHyorm at 07K —5.26 


unit: energy, kcal/mol. 
entropy e.u/mol. 

value estimated from vapor pressure. see 
ref. (1) 

value estimated from heat combustion. 
These data are taken from the following; 
Quinone: 654.8 (Berthelot, Louginin); 659.2 
(Berthelot, Recoura); 656.6 (Schreiner, Ber- 
ner); 656.3 (Swietoslawsky from Valeur’s 
data); average value Hydroqui- 
none: 685.9 (Berthelot, Louginin); 685.8 
(Stohnann, Langbeim); 684.7 (Baker); 684.0 
(Swietoslawsky); 682.6 (Berner, Schreiner) 
average value Quinhydrone 1331.5 
and 1334.8 (two different samples, Berner, 
Schreiner); average value 

value estimated from electrode potential, 
specific heats and third law Schreiner. 


mined directly this work. Also the same 
quantities determined from the electrode 
potential and from the heats combus- 
tions are given. they are derived from 
the difference several thermodynamic quan- 
tities, they cannot free from considera- 
ble error. The heat sublimation 
(43.31 kcal the last row), which can- 
not estimated accurately from the vapor 
pressure was determined 
directly the summation heats subli- 
mation each component crystals (21.54 kcal. 
for and 16.38kcal. for and heat 
formation (5.386 kcal.). 

Finally, few words may added here 
the heat formation QH. Our result 
(5.386 considerably different from 
the heat formation aqueous 
solution (2.35 kcal.) determined 
The discrepancy, however, matter 
course, since our value for the crystalline 
state and the latter for the aqueous solution 
state which the hydration process plays 
complex role**. 

Nature intermolecular forces 


* The value given in a previous paper corresponds to the 
decompositionat sublimation to form 95% @Q vapor and 5% Hq 
vapor and leave a@-Hydroquinone as a residue. 

** The solvent effects for the heat of formation of (1:1) 
molecular compounds between trinitrobenzene and naphthalene 
(or anthracene) are known from the spectroscopic measure- 


ments of Briegleb et. al.; Z. Physik. Chem., B19, 255 (1952). 
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crystalline @H.—We may now discuss the 
nature intermolecular forces the 
basis our experimental results. regards 
the origin these intermolecular forces 
QH, there have been already put forward 
several explanations. These are: 

ordinary covalent bond. 

ii) ionic binding: i.e. 
coulombic attraction between ions. 

iii) coupling two semiquinones. 

iv) hydrogen bond. 

dispersion forces. 

dipole multipole interactions. 
induction forces. 
charge transfer forces, etc. 

The first theory ordinary covalent bond 
excluded: the two facts that the magni- 
tude interaction energy (5kcal.) too 
small ordinary covalent bond energy 
and that the intermolecular distances which 
have determined the X-ray method 
are very much longer than the sum cova- 
lent radii. 

The second ionic binding theory can not 
explain the amount heat sublima- 
tion which same order those ordi- 
nary molecular crystals. The magnetic pro- 
perty this crystal also disagrees with the 
complete ionized structure, for the odd electron 
configuration molecules should exhibit the 
paramagnetic effect, whereas this crystal 
actually The explanation 
ionic binding Weiss al. based the 
non-additivity molar polarization 
from those the components not always 
conclusive for the evidence the ionic struc- 
ture component 

The third one, the semiquinone theory dis- 
agrees also wrth the fact diamagnetic 
property QH. 

regards the fourth, and molecules 
are really combined with each other hy- 
drogen bond shown Fig. Although 
the crystal structure not yet known, 
quite likely that these molecules 
crystals would also linked together 
hydrogen bonds, some analogy the 
and phlorogrucinol, each which hydrogen 
bonds combine these molecules. 


11) S. Banerjee, Z. Krist., 100, 316 (1939); H. Mikhail 
and F.G. Baddar, J. Chem Soc., 1944 549 

12) The disagreement between the molar polarization of QH 
and the sum of those for component crystals may be also ex- 
plained by the anisotropy of electron distribution and by the 
change of atomic polarizability caused by hydrogen bond for- 
mation. Indeed, the other crystals measured by them which 
deviate remarkably from the additivity involves the N-H---O 
or O-H.--O hydrogen bonds. See: J. Weiss, H. Kronberger, 
Chem. Soc., 1944 464. 
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The energy hydrogen bond 
H—O) crystal will estimated from 
the values formic acid dimer (6.3 kcal.) 
acetone-Hg associate (4.8 kcal). the 
other hand, the energy hydrogen bond 
can taken about 4.0 kcal./mol. 
the comparison the heat sublimation 
with that p-Xylene™. Hence, the 
contribution hydrogen bond energy for the 
molecular compound formation estimated 
from 4.6 1.6 kcal. (9.6— 
Although the color effect would 
not explained essentially this effect, the 
hydrogen bond formation would contribute 
certain extent for molecular compound for- 
mation. Table the facts that 


Table 


Crystalline molecular compounds between 
quinone and other substances 
component) 


Molar 
Group Substances ratio 
phenol, m-, p-cresol, hydro- 1:2 
quinone methy ether 
nitroaniline 
Ill resorcinol, pyrocatechol, 
naphthol ratio 
(b) phenylenediamine (b) 2:1 
m-nitroaniline None 
hydroquinone ether None 
benzene, toluene, xylene, naph- 
thalene, tolane, azobenzene, None 
nitrobenzene 
anthracene 
aliphatic hydrocarbons, ethers, 
aldehydes ketones None 
aliphatic alcohols, acids, 
amides None 


the molar ratios molecular compounds 
and groups are parallel with the 
numbers hydrogen atoms hydroxyl 
amino groups and that there can not 
formed stable crystals molecular compounds 
the combinations VI, VII and 
groups having hydroxyl suggest 
role hydrogen bond for the molecular 
compound formation. However, may 
safely said that this effect not very de- 
cisive one, evidently seen the cases 


13) sublimation 13.5 kcal/mol., Linder’s 
value from Landolt-Bérnstein’s Table. 
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Next, proceed the fifth. The ordinary 
dispersion effect has not been hitherto taken 
nto consideration all, since can not ex- 
plain the reasons, why the compound forma- 
tion takes place between pair specified 
molecules and also why such remarkable 
change accompanies this process. 
Indeed, this effect may ignored, the 
case compound formation solution, but 
worth while reexamine for the case 
crystalline state where the packing 
molecules plays much more important role 
than the case solution state, the dis- 
persion forces are sensitive the mode 
molecular packing. For example, the diffi- 
culty compound formation bet ween aliphatic 
and aromatic molecules (see examples and 
table 4), the non-existence crystalline 
molecular compounds the systems such 
methane (typical examples molecular com- 
pounds solutions) may attributed the 


unfavourable packing component molecules 
because the considerable difference their 
sizes and shapes. 

measure the dispersion energy con- 
tribution for the heat sublimation the 
QH, twice the heat sublimation p-Xylene 
tentatively adopted. Then, that the 
contribution the dispersion energy the 
heat sublimation estimated about 
the total and that the sum this 
contribution and the hydrogen bond energy 
estimated above not yet sufficient explain 
the total observed (see Table 5). The facts 
that the density (1.41) larger than 
those (1.32) and (1.33) and that the 
nearest distance between 
and molecules lying parallel crystal 
(3.2A) abnormally shorter than those any 
aromatic compounds, suggest also there are 
partaking other attraction forces be- 
tween component molecules. 


Table 


Contribution the various kinds energy the heats sublimation 
Hq, and and the heat formation QH. 
(unit: kcal/mol.) 


Heat sublimation 


Heat 
Formation 
Total 21.54 16. 386 
Hydrogen bond 8.0 12.6~ 9.6 
Dispersion 13.5 3.5 
Others 2.9 3.7~6.7 0.8~ 3.8 


Recently, put forward 
theory for the intermolecular forces 
type molecular compounds. From the point 
view resonance theory, supposed the 
z-electron charge distributions and 
molecule just upon molecule parallel 
position shown the figure, the charges 
opposite signs respective molecules come 
the nearest, that can expect there 
will arise strong electrostatic attraction be- 
tween them. postulated this the cause 
the molecular compound formation, and also 
explained qualitatively the shift absorption 
band the longer wave length well 
the simultaneous intensity increase the 
band. His theory is, however, qualitative 
nature, have attempted here eval- 
uate the z-electron charge distribution semi- 


14) The absorption spectra of QH in crystalline state: K. 
Nakamoto, J. Am. Chem. Soc., 74, 1739 (1952). 
15) Murakami, Sci. Paper Osaka Univ. No. (1949). 


quantitatively. Assuming the molecular sym- 
molecule was computed simple 
LCAO-MO theory. this case, the coulomb- 
integrals oxygen and adjacent atoms 
well the resonance integrals between 
oxygen and adjascent atoms were calculated 
the use Jaffe’s parameter for 
all the overlap integrals being ignored. The 
results obtained well the corresponding 
values for obtained Coulson are 


16) Coulson, H.C. Longuet-Higgins, Proc. Roy. 
(1947). 

17) Jaffe, Chem. Phys. 20, 279 (1952). 

18) C.A. Coulson, Valence p. 256 (Oxford Univ. Press. 1952). 
[After completion of this work, we became aware of the 
similar calculations on Q by Dr. Nagakura (Tokyo University), 
who kindly gave us the opportunity of reading his manuscript 
in advance of publication. 


the bond moment the atomic distance between 
and O atoms) is applied, assuming that the #--» of Hy and Q 
is equal to that of aliphatic compound (#c-9=0.8D). But, as 
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Table 


Calculated molecular orbitals hydroquinone 


Energy Normalized 


Table 


Calculated z-electron densities and charge distributions 
hydroquinone and quinone molecule 


electron density 


total 
total 


the charge distributions the 
are agreement qualitatively with Mura- 
kami’s theory. However, take into 
consideration further the resultant contribu- 
tions C—O* bond, the signs 
the charge densities remains unchanged 
the case while those change their 
signs and become nearly uniform. Moreover, 
should noticed that, already shown 
Fig. the oxygen atoms actually 
not lie just upon the oxygen atoms 
but rather upon the centers benzene nuclei 
the crystalline QH. Such relative ar- 
rangement component molecules also 
known the case molecular compound 
between s-trinitrobenzene and 
the crystalline state. These two facts, 
the closer approach the polarizing dipole 
one component. molecule the polarizable 
benzene nucleus the other, and the nearly 


the degrees hybridization the AOs carbon atoms 
aliphatic single bonds and aromatic different, 
this assumption is not so exact. 

19) H.M. Powell, G.H. Huse and P.W. Cooks, J. Chem. 
Soc., 1943, 153. 


098 —0. 062 —0. 018 
—0. 020 +0. 056 
+0.14 


uniform distribution electronic charges 
molecule, will imply that the interaction 
energy due the Murakami theory seems 
not predominant. And such rela- 
tive arrangement component molecules 
suggests the important role induction effect 
pointed out However, more 
precisely, each component molecule situated 
quadrupole field resulting from the anti- 
parallel dipole pairs the upper and lower 
molecules the other component, that the 
situation more complicated than the simple 
case Briegleb. 


Finally, the theory proposed recently 
seems very significant for 
the explanation the interaction energy 
well the color effect molecular compounds 
general. For the confirmation this 
theory, however, thermal not 
sufficient and there will necessary presum- 
ably electrical, photoelectrical, spectroscopic 
studies, etc. 


20) G. Briegleb and J. Kambeitz: 
B25, 251 (1934). 
21) R.S. Mulliken, J. Am. Chem. Soc., G4, 811 (1952). 
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Introduction 


well-known fact that some natural 
polymers such and some syn- 
thetic polymers such 
both air/water and oil/water interfaces. 
expected that the molecular structure, the 
kinds well the amounts polar groups 
and also the size non-polar polar side 
chains will affect the behaviour surface 
films the polymers. Studies the surface 
films polymers known structure will 
give some information for the elucidation 
the behaviour important natural polymers 
proteins. The shape the polymer mole- 
cules the interface probably different 
under the influence the surface force from 
that the bulk phase. The shape the 
polymer molecule the interface relation 
its molecular structure and the kinetic unit 
the molecule the interface are problems 
investigated. also very interesting 
investigate the mechanical properties 
the surface film the polymer relation 
the molecular structure and compare with 
the properties the bulk system. 

the outset, the linear non-electrolytic 
polymers, namely, polyvinyl acetate, polyvinyl 
stearate and some copolymers different 
compositions between vinyl acetate and vinyl 
stearate were studied the air/water interface 


1) I. Langmuir and V.J. Schaefer, Chem. Rev., 24, 181 
(1939). 

2) Bull, “Advances in Protein Chemistry,” 2, 95( 1947). 

3) C.W.N. Cumper and A.E. Alexander, Trans. Faraday 
Soc., 46, 235 (1950). 

5) D.J. Crisp, ibid., 1, 161 (1946). 

6) T. Isemura and K. Hamaguchi, This Bulletin, 25, 49 
(1952). 
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measuring surface pressure-area and sur- 
face potential-area relations. the present 
paper, the results obtained and some con- 
siderations the results will presented. 


Experimental 


acetate was prepared from 
vinyl acetate emulsion polymerization using 
ammonium persulphate the catalyst. most 
the experiments, polyvinyl acetate was used 
that condition special indication was given. 
However, reacetylated polyvinyl acetate was some- 
times used for the elimination the effects 
branched polymers. Polyvinyl acetate was hy- 
drolysed polyvinyl alcohol, which was again 
tranformed into polyvinyl acetate acetylation 
using acetic anhydride. Polyvinyl stearate and 
the copolymers vinyl acetate and stearate 
were prepared Prof. Murahashi and Mr. 
Otsuka our institute. The composition these 
copolymers are shown Table These polymers 
were spread distilled water from benzene 
solution. 

Methods and Apparatus—Surface pressure was 
measured three methods. low pressure re- 
gion less than ca. dynes/cm, was measured 
film balance Adam type double torque 
system using torsion wires phosphor-brone 
0.12mm. and diameters. The mole- 
cular weight determination was carried out 
this method. high pressure region, surface 
pressure was measured either hanging plate 
ring method. 

the experiments with the film balance 
Adam type hanging plate type, the polymer 
was spread the substrate rectangular tray 
pipette occupy more than 100 per 
monomer. The surface concentration was changed 
compression with paraffined glass barrier 
the usual manner. the other hand, the surface 
concentration was changed with successive addi- 
tion injection through micrometer syringe 
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Table 


Composition Copolymers Used the Present Experiment 


Initial mole percentage 
Sample vinyl stearate 
synthesis 


(Acetate) 
(Stearate) 100 


when the surface pressure was measured the 
ring method using glass cylinder. The details 
the technique successive injection method will 
given the next paper relation the in- 
vestigation the oil/water interface. 

Surface potential was vibrating 
electrode method. The apparatus used was es- 
sentially the same used our previous inves- 
tigation, however, with some necessary modifica- 
tion adapt for the present 


Results 


The experimental results obtained are 
shown Figs. 1~7, which the notations 
curves ate common Table respectively. 
Polyvinyl acetate gave film expanded 
type shown Figs. and The degree 
polymerization gave appreciable effect 
the F—A curve. Polyvinyl acetate pre- 
pared reacetylation showed essential 
cifference curve from that the 
original polyvinyl acetate. The FA—F curve 
the polyvinyl acetate was not strictly linear 


Surface pressure 


Area m?/mg 
Fig. The F-A curves vinyl poly- 
mers Adam’s balance. 


7) H. Hotta and T. Isemura, This Bulletin, 25, 101 (1952). 


Mole percentage Mean molecular 


stearate weight per 
copolymer vinyl unit 


20.0 130 
217 
82.6 272 

100 310 


but slightly convex upward, and was almost 
independent the degree polymerization. 
the linear relation between and 
assumed, the molecular weight the spread 
polymers may determined from Fig. 
the case proteins. The molecular 
weights thus determined were 7,000~10,000 
shown Table II, and were extraordinarily 
less than that determined from intrinsic 
viscosity [7], using the 


and not compared with it. 


Surface pressure dynes/cm. 


Area per vinyl unit 
Fig. The F-A curves vinyl polymer 
hanging plate method. 


8) I. Sakurada and T. Chiba, J. Soc. Chem. Ind. Japan, 
47, 135 (1944). 
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15 


0 O41 02 


Surface pressure dynes/cm. 
Fig. The FA-F curve polyvinyl ace- 
tate (sample 
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the other hand, FA—F curve for 
stearate was linear shown Fig. Its 
molecular weight from this curve was 41,000. 

the experiments shown Fig. the 
reading surface pressure was taken 
seconds after every compression. the ex- 


& 


02 a3 


Surface pressuge dynes/cm. 
Fig. The FA-F curve polyvinyl stea- 
rate 


Table 


Molecular Weight Vinyl Polymers Used the Present Experiment 


Polymer Sample 
Polyvinyl acetate 
stearate 


Molecular weight from 


10, 000 58, 820 
7,020 69, 350 
7,920 110, 500 


Sample “a” was prepared reacetylation sample “b”. 


periments shown Fig. the rate com- 
pression minutes. The 
surface pressure the polyvinyl acetate was 
not changed with time after every compres- 
sion dynes/cm. However, with the 
copolymers and polyvinyl stearate, the pres- 
sure was changed considerably with time 
after every compression, when the surface 
pressure exceeds 0.2 dynes/cm. The limiting 
area per monomer determined extrapola- 
tion linear portion F—A curve zero 
pressure was about for polyvinyl ace- 
tate. Polyvinyl stearate gave coherent film 
and its limiting area per monomer was 
The condensation film the intro- 
duction vinyl stearate the copolymer 
was considerable. The limiting area per 
monomer was less than that polyvinyl 
stearate, the copolymer contains more than 
20% vinyl stearate. Fig. are shown 
the F—A curves obtained successive in- 
jection method. 


> 


10 


Surface pressure dynes/cm. 


Area per vinyl unit 
Fig. The F-A curves vinyl polymers 
successive injection method 


The surface potential and surface moment 
are shown Figs. and The surface 
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moment per monomer, was calculated from 
Helmholtz’s formula, 


using the average ground molecular weight 
Table where the surface potential, 
and the number monomer unit per unit 
area. Fig. the results obtained com- 
pression method, and Fig. that succes- 
sive injection method. When the experiments 
were carried out the compression method, 
the surface potential was fluctuated markedly 
until the surface area per monomer decreased 
far less than 100 The reliable values 
were obtained only the region shown 
Fig. spite the fairly good reprodu- 
cibility F—A curves, the reproducibility 
the surface potential curves was not satisfac- 
tory and was dependent the composition 
the polymers. Its reproducibility 
acetate was the highest, and next highest was 
that polyvinyl stearate. The order re- 
producibility was follows, 


The results shown Figs. and were 
those obtained the successive injection 
method already mentioned. The area 
the apparent area calculated from the in- 
jected amount, simply dividing the total 
area the injected mass. this case, the 
fluctuation surface potential, observed 
the compression method, was hardly ob- 
served all. 


409 


300 


Surface potential 
Surface moment 


100 


0 20 40 60 80 100 


Area per vinyl unit 
Fig. The 4V-A and curves 
vinyl polymers successive injection 
method. 
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The fluctuation surface potential, ob- 
served the region low surface concent- 
ration the case the compression tech- 
nique, probably caused inhomogeneity 
the surface layer. The compression the 
film the barrier from one side often causes 


Surface potential 
Surface moment 


Area per vinyl unit A?. 
Fig. The AV-A and curves vinyl 
polymers compression method. 


accidental condensation and accompanies the 
heterogeneity the film. Consequently, the 
change does not always follow the course 
equilibrium. The instability the film 


copolymers with small content vinyl ste- 


arate may attributed this accidental 
change appearing the various parts the 
film. 


Discussion 


Polyvinyl acetate gave the film expanded 
type with free space between the chains. 
stearate groups are substituted for the ac- 
etate groups polyvinyl acetate, the mutual 
cohesion between side chains considerably 
increased and the film tends condense. 
With polyvinyl stearate film, the specific area 
usually less than with polyvinyl acetate, 
and the expanded region low surface pressure 
lacking. The limiting area per monomer 
the film copolymer with moderate con- 
tent vinyl stearate was found often 
even less than that polymer containing 
only vinyl stearate shown Fig. 
may happen that the attraction hydrocar- 
bon chains stearate compresses the vinyl 
acetate groups from the interface into aqueous 
phase. 


From simple thermodynamic calculations, 
may found that the inclination the 


(3) 


j 
400 
100 
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corresponds the co-area the molecule.” 
From these considerations, was concluded 
that the co-area polyvinyl acetate 
A?./monomer and that for polyvinyl stearate 
The limiting areas per 
monomer for polyvinyl acetate and stearate 
tioned above. These areas are nearly equal 
the co-areas estimated from equation (3). 
The co-area the polyvinyl stearate thus 
estimated plausible recognize that 
the stearate side chains project out the 
water surface and that they are closely 
packed. However, the co-area the poly- 
vinyl acetate much larger than that esti- 
mated from molecular model, even the side 
chains are lying flat. the film polymer 
with short side chains such polyvinyl ac- 
etate, the motion the segment chain 
violent that the co-area nearly twice the 
area per monomer estimated from the mo- 
lecular model owing the elimination the 
restriction molecular motion the attrac- 
tion between side chains. According the 
analogous calculation with the van der 
Waals’ equation, the co-area must twice 
actual area two dimensional gas. 

From the surface moment data, can 
concluded that the orientation the side 
chains polymer are not affected very much 
A?./monomer with polyvinyl acetate and 
with stearate film. 
Below the surface moment 
polyvinyl acetate decreased gradually. 
These results are readily explained using the 
model polymer film assumed just 
mentioned above. With the film polyvinyl 
acetate the area, where the surface moment 
begins decrease, corresponds the area 
where the film begins change coherent 
type from expanded film. For the poly- 
vinyl acetate film expanded type having 
free space between chains, and the film 
less than where the 
change begins appear. the other 
hand, with the film polyvinyl stearate, 
groups polymer molecule project 
water phase and mutually interact 
that the side chains have definite orientation 
even the surface concentration islow. The 
begins change when the film com- 
pressed after the coherent film completely 
formed. The areas where deviates from 
constant value, are also the 
co-areas the polymers mentioned above. 


H.B. Bull, Biochem., 185, (1950). 
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Surface potential polyvinyl acetate reach- 
the saturated value below 
and that polyvinyl ste- 
arate 370mV below respec- 
tively. Surface potential-area curves change 
the inclination these areas. these points 
part ester groups was probably removed 
from the interface, and the film was partially 
collapsed. From curves, however 
indication discontinuity was detected 
these points. 

The surface potential curves the copoly- 
mers were continuous far below these areas. 
seems probable that the attraction between 
the hydrocarbon chains stearate groups 
suppresses the vinyl acetate groups from the 
interface into aqueous phase surface pres- 
sure sufficiently high. Consequently the film 
was gradually changed into so-called 
film”. The relatively remarkable change 
surface pressure with time after every com- 
pression and the small values found 
with these copolymer films, agree with our 
views mentioned above. 

The F—A curve polyvinyl stearate showed 
almost the same feature that polyocta- 
decyl methacrylate studied sug- 
gesting that structures and shapes molec- 
ules both films are almost identical. The 
limiting area found Crisp for 
methacrylate was 30.5 while 
that for polyvinyl stearate found was 
30.0 A?. However, the surface moment 
polyvinyl stearate per monomer was 278 mD, 
whereas that polyoctadecyl methacrylate 
per monomer found Crisp was 469 mD. 
This far smaller surface moment 
stearate than that polyoctadecyl metha- 
crylate readily understood the light 
molecular orientation the interface. The 
principal difference between them may 
governed the orientation C=0 bond 
shown Fig. 


air air 
water water 
(a) (b) 


Fig. Orientation side chain 
the air/water interface 
(a) polyvinyl stearate 
(b) polyoctadecyl methacrylate. 


mentioned above, the results obtained 
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two different methods changing surface 
concentration the polymer did not agree 
with each other, especially, high surface 
concentration. Unlike the compression method, 
the spread molecules would not the 
unusually forced orientation, the surface 
concentration the film was changed 
successive injection method. However, the in- 
jected polymer would not spread the 
interface monolayer when the surface 
concentration exceeded certain value and 
the film was closely packed its own spread- 
ing pressure. For these reasons, the area 
per monomer. shown Figs. are 
only apparent. the other hand, the ori- 
entation the molecule this me- 
thod may more natural than that studied 
the compression method. Recently, B.D. 
Powell and A.E. studied the 
monolayers copolymers between pyri- 
dine and styrene with the two different 
methods. They found smaller surface poten- 
tial the injection method than 
the compression method. They attributed 
this the “edge effect.” our opinion, 
however, this phenomenon may closely 
connected with the difference the facility 
spreading the film these two methods. 
Surface potential-area curves with polyvinyl 
acetate film obtained these two methods 
coincided with each other. The F—A curves, 
however, did not coincide with each other, 
especially, high surface concentration. The 
F—A curve obtained the compression 
method was almost consistent with that ob- 
tained the oil/water interface, which 
will report the following paper. These 
results are all comprehended the light 
the molecular flexibility which will dis- 
cussed also the following paper some 
details. The discrepancy between the F—A 
curves observed two different methods 
may caused the fact that the surface 


10) B.D. Powell and A.E. Alexander, Colloid Sci. 482 
(1952). 
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concentration near the ring can not only reach 
equilibrium value within relatively short 
time interval after every injection, but also 
can reach after formation fresh surface 
raising the ring. That may the es- 
sential difficulty inherent the study 
surface film polymer means the 
ring method. 


Summary 


The surface films some linear non-elec- 
trolytic polymers such polyvinyl acetate, 
polyvinyl stearate and copolymers between 
them were studied the air/water interface 
measuring surface pressure, and surface 
potential relation the area occupied per 
monomer. 

The surface concentration was changed 
two different methods, namely the com- 
pression with barrier and the successive 
addition injection with micrometer syringe. 

Polyvinyl acetate gave the film expanded 
type and was hardly affected its degree 
polymerization. Polyvinyl stearate gave 
the film coherent type and its F—A curve 
resembled that polyoctadecyl methacrylate. 
The copolymer with moderate content 
vinyl stearate showed the smaller limiting 
area per monomer than polymers its con- 
stituents. 

The results were discussed relation 
the molecular model and the methods 
adopted change the surface concentration. 


conclusion, the authors express their 
hearty thanks Prof. Murahashi and Mr. 
Otsuka our institute who kindly supplied 
copolymers them. The cost this research 
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Research Encouragement Grant from the 
Ministry Education, which the authors’ 
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Flexible Linear Polymers Oil/ Water Interface 
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While the properties and structures in- 
soluble films the air/water interface are now 
known some there are few investi- 
gations the oil/water interface em- 
phasis its the present 
investigation the films amilan and copoly- 
mers vinyl acetate and stearate were 
studied obtain informations the general 
behaviour non-electrolytic flexible linear 
polymer oil/water interface. The experi- 
mental method was similar principle 
that developed Alexander 

From the present investigation, has been 
concluded that these linear polymer molecules 
behave freely the interface, for the 
lateral cohesion between them becomes much 
weaker than the air/water interface and 
their non-polar side chains are removed from 
the interface into the oil phase. The length 
the segment kinetic unit for these poly- 
mers the interface was estimated adopt- 
ing the statistical treatment flexible linear 
polymer the bulk solution with some modi- 
fications adapt the surface film. The 
results will given the following lines 
detail. 

Since there the case that the behaviour 


monolayer very different between air/ 
water and oil/water interface far the 
side chains are concerned, which was confirmed 
our investigation, cannot always infer 
the phenomena the living body from the 
result the film the air/water interface 
alone. Therefore need all means the 
experiment the oil/water interface also for 
this purpose. 


Experimental Method 


Materials—Amilan acid poly- 
mer) was purified dissolving formic acid and 
reprecipitated water, and spread from the so- 
lution dissolved mixture concentrated sul- 
phuric acid (10%), isopropyl alcohol (40%) and 
water (50%). Copolymers vinyl acetate and 
stearate were spread from benzene solution. Al- 
though these copolymers were the same those 
which had been used previously the air/water 
their compositions, calculated from the 
analysis, were shown again Table for con- 
venience. 

Petroleum ether (b.p.=100~140°C. and d.=0.75) 
used the oil phase was purified repeatedly with 
various agents from commercial Gum Gasoline. 
The distilled water was used the water phase. 


Spreading Technique—The oil/water interface 


Table 


Composition Copolymers Used the Present Experiment 


Initial mole percentage 


Sample vinyl stearate 
synthesis 

(Acetate) 

(Stearate) 100 


1) N. K. Adam, “‘ The Physics and Chemistry of Surfaces” 
(1933). 
Alexander and Teorell, Trans. Faraday Soc., 
35, 727 (1939). 

day Soc., 46, 235 (1950). 

6) A.J.G. Allen and A.E. Alexander, ibid., 46, 316 (1950). 

6) D. F. Cheesman, Biochem. J., 50, 667 (1952). 


Mole percentage Mean molecular 


vinyl stearate weight per 
copolymer unit 
20.0 130 
58.6 217 
82.6 272 
100 310 


was formed and the technique develop- 
Alexander and The dimensions 
the trough were also almost the same theirs. 
The samples were spread from the micrometer- 
syringe the interface adding ca. 


7) T. Isemura, H. Hotta and T. Miwa, This Bulletin, 26, 
380 (1953). 
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per square centimetre time. 


Interfacial Tension—The interfacial tension 
was determined Alexander’s ring 
which the displacement ring maximum 
pull read optical lever. The ring 
used was made platinum-10% iridium wire 
diameter 0.30mm, and the diameter the 
ring was 2.70cm. was cleaned and leveled 
Harkins and Jordan’s The correction 
factor the ring (1.022) was determined experi- 
mentally zero pressure. 

the investigation insoluble monolayer, 
one the sources error inherent the ring 
method owing the appreciable extension 
interface both the inside and outside the ring 
breaking point. This effect has been studied 
experimentally Alexander and 
vertheless, seemed that the effect was slight 
except the higher pressure our present case, 
result comparison with the other method. 

All measurements were made ten minutes after 
the successive injection spreading solution, and 
room temperature (20~23°C.) without any 
special temperature regulation, but the variation 
temperature during the course measurement 
obtained single curve never exceeded one 
degree. The effect the interval successive 
measurements with amilan film was examined, and 
its result shown Fig. 


Results and Discussion 


first, was examined how 
long must wait before measurement for 
perfect spreading the sample after every 
injection the polymer solution the inter- 
face. After some preliminary experiments, 
was found that ten minutes after every in- 


dynes/cm. 


Interfacial pressure 


tw is? 


Area per monomer 


curve petroleum ether/ 
water interface, measured 
mins. after 
curve petroleum ether/ 
water interface, measured 
mins. after injection 
curve air/water interface, 
measured mins. after in- 
jection. 


Harkins and Jordan, Am. Chem. Soc.. 
52, 1751 (1930). 
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jection was sufficient for perfect spreading. 
The results are shown Fig. together 
with the result the air/water interface, 
measured this method successive in- 
jection used the oil/water interface. 

the z-A curve amilan, was found 
the characteristic transition region van der 
Waals’ type shown Fig. Since the 
appearance the transition point may 
dependent the strength and distribution 
hydrophilic groups, namely, the activation 
energy transition discussed later de- 
tail, these conditions may just optimum 
phenomenon this case. The first kink point, 
and the again rapidly rising point 
are comprehended terms the transition 
between the flat-in-interface 
phase forms the hydrocarbon part the 
main chain. These dimensions are consistent 
with that computed Stuart’s model. 


copolymers the oil/water interface are 
shown Fig. 2., which the notations 
curves are common Table respectively. 
The ordinate the figure interfacial pres- 
sure dynes/cm., and the abscissa surface 
area per vinyl unit, calculated from the 
mean molecular weight Table 


A.B 


10 


Interfacial pressure dynes/cm. 


0 50 100 150 


Area per vinyl unit 
Fig. The curves vinyl poly- 
mers the petroleum ether/water inter- 
face. 


All these curves vinyl copolymers 
fall the same curve polyvinyl acetate 
independent the content stearate con 


10 
D 
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trast with much dependence its content 
the air/water However, these 
curves deviate from this common curve 
any wider area with increasing content 
vinyl stearate. The areas deviation are 
shown Table These areas can cal- 
culated the product the area vinyl 
stearate (37 its mole fraction copoly- 
mer shown the Table. From these 
facts may concluded that all copolymers 
the oil/water interface behave freely, 
liberating from lateral cohesion, that the 
side chains are removed into oil phase. This 
deviation area stearate fairly 
greater than the limiting area the air/ 
water interface, obtained the preceding 
because the free micro-Brownian 
motion stearyl group the oil phase does 
not permit the neighbouring stearyl group 
approach. Upon consideration the fact that 
the deviation from the common curve due 
the mutual hindrance such 
Brownian motion, can understand the 
proportionality this area the films high 
stearate content, and the disappearance 
this point those low stearate content, 
shown the Table 


Kink Point from Common Curve 


Sample Kink point 
obs. 
not found 
not found 
22.6 21.7 
30.7 30.6 


General Behaviour Film Non- 
electrolytic Flexible Linear 
Polymer 


Now, the general behaviour these non- 


26, No. 


electrolytic flexible linear polymers the 
oil/water interface will discussed the 
light the above-mentioned facts. the 
consideration such general problem, 
must distinguish between the effect back- 
bone and that side chain. Since the latter 
has remarkably steric factors, the problem 
becomes very complicated. the oil/water 
interface, however, the former effect essen- 
tial before the surface concentration fairly 
high, for the side chains may dissolved 
the oil phase mentioned above. 

general the interfacial pressure, 
expressed thermodynamically 


where H,S and are surface area, free 
energy, heat content, entropy and interfacial 
tension, respectively, and the subscripts and 
refer film and interface, respectively. 
equation (1), the first term corresponds ad- 
hesion polymer substrate and cohesion 
between chains, and the second term 
kinetics chain. Therefore, the stronger the 
hydrophility the polar group the chain 
is, the more distinct the transition point may 
be. Conversely, when the hydrophility 
weak, this polar group cannot already re- 
strain the behaviour the chain, and the 
transition point becomes indistinct. evi- 
dently shown both our polymers. Sorption 
water these polymers was studied 
measure extent hydrophility some 
Their results are shown 
Table for comparison with the present 
inference. 


Table 


Moles Polar Groups per 100 gr. Polymer Compared with Moles Water Vapour 
Sorption 0.9 Relative Vapour Pressure 


Polmer Moles polar group Moles water vapour 
Polyvinyl acetate 1.16 0.17 
Polyglycin-DL-alanine 1.56 1.72 


Now, the oil/water interface will com- 
pared with the air/water. The polymer 
molecule behaves generally freely the for- 
mer not only the dissolution side chain 
into oil phase mentioned above, but also 
the liberation from lateral cohesion, 
the heat mutual separation molecules 


the interface scarcely required such 
present case “like dissolves like.” the 
other hand, the molecules the air/water 


Dole and McLaren, Am. Chem. Soc., 69, 
651 (1947). 
10) Katchnan and McLaren, ibid., 73, 2125 (1951). 
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interface seem frozen themselves 
cohesion even relatively low surface con- 
centration. Therefore, the change free 
energy respect surface area should 
far greater the latter. But, the case 
when the molecule free even the 
latter, there would difference between 
both interfaces. Such fact also shown 
the case polyvinyl acetate confirmed 
our investigation. the other hand, amilan 
shows the difference spite having side 
chain. may due the strong polarity 
its polar group, which also confirmed 
Table III. The discussions the preceding 
paper” can also understood only the 
ground these inferences. 

mentioned above, the linear polymer 
flexible the oil/water interface or- 
ganic solvent, and even the polymer has 
side chains, its non-polar side chain remov- 
into oil phase. Therefore, neglecting 
the effect side chain, may apply the 
statistical treatment flexible linear polymer 
with some modifications the surface chem- 
istry the present polymers the oil/ 
water interface. That is, the relation between 
the interfacial pressure. and the surface 
area per monomer unit, may expressed 
the form 


The physical meaning the coefficients, 
and this equation will mentioned 
below. 

Therefore, when plot the product 
against the reciprocal shown 
Fig. and extrapolate this curve infinity 
area, the length segment long chain 
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molecule can obtained, that is, 
the kinetic unit these polymers the inter- 
face. The results are listed Table 
IV, which the number atoms each 
unit chain both polymers nearly 
atoms consideration the side chain 
vinyl copolymer. must now again re- 
member the extent error inherent the 
ring method mentioned above. the 
other hand, Flory had estimated from the 
activation energy flow viscosity that 
there are approximately atoms each 
segment flow polyesters organic 


200 


erg 


~ 2 100 80 60 10 


Area per monomer 
Fig. The curve 

polymer 

ether/water interface. 


Table 
Length Segment Linear Polymer the Oil/Water Interface 


Amilan erg 
Vinyl 


Polymer 


The physical meaning coefficient, 
the second term equation (2) the dilute 
region may considered analogous 
that bulk 

From the curves Fig. can readily 
determine the point, from which 
action between the chains becomes more pre- 


11) P. J. Flory, J. Am. Chem. Soc., G2, 1057 €1940). 
12) For example, H. Mark and A. V. Tobolsky, “ Physical 
Chemistry of High Polymeric Systems ”’ (1950), p. 263. 


Number atoms each 
segment backbone chain 


7.2 


n 


dominant, for the kink points clearer 
these curves. The negative slope appears 
when some atoms the backbone chain are 
removed from interface either bending 
collapsing. The kink points listed Table 
were thus determined. The linear range 
the curve corresponds the range in- 
teraction the same order. The rapidly 
rising point this curve, which may corre- 
spond that beginning mutual inter- 
action and rising surface viscosity, 
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nearly per vinyl unit for this copolymer, 
and 150 A?. per monomer for amilan. 
considering atom unit instead mono- 
mer unit, these areas are identical account 
the above-mentioned correction the side 
chain effect. The curves both poly- 
mers should also considered the same 
universal ground atom unit the 
interface. 

This flexibility phenomenon observed not 
only the oil/water interface. The determi- 
nation the molecular weight high 
polymers has recently been tried monolay- 
among other bulk methods, 
and was confirmed many investigators 
that the agreement with the molecular weight 
the other hand, reported that this method 
unsuitable for some polymers such poly- 
vinyl Especially, was found 
the preceding paper that the molecular weight 
polyviny! acetate obtained this method 
independent the degree polymerization, 
and, mentioned above, its curves 
the air/water and oil/water interface are 


Guastalla, Compt. rend., 208, 1078 (1939). 

14) For example, H. B. Bull, J. Biochem., 185, 27 (1952). 

15) For example, M. Abribat and J. Pouradier, Compt. rend., 
227, 1101 (1948). 

16) G. C. Benson and R. L. Melntosh, J. Colloid Sci., 3, 
323 (1948). 

17) M. Joly, “‘ Surface Chemistry ”’ (1949), p. 157. 
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almost identical. Moreover, its surface po- 
tential-area curves air/water interface, 
measured both methods compression 
and successive injection, are also entirely 
identical, mentioned the preceding pa- 
From these phenomena clear that 
should consider the flexibility linear 
polymer also some extent the air/water 
interface. the other hand, curve 
linear the case the rigid molecule such 
However, even the case protein, 
recently reported that the existence surface 
submolecule should considered the non- 
Newtonian region the experiment surface 


conclusion, the author 
hearty thanks Prof. Isemura for his 
kind guidance throughout the present work, 
and Prof. Murahashi and Otsuka 
our institute who kindly supplied copoly- 
mers him. The cost this research has 
been partly defrayed from the Scientific Re- 
search Encouragement Grant from the Mini- 
stry Education, which the 
thanks are due. 
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Industrial Research, Osaka 
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Yutaka 


The ultrasonic investigation aqueous so- 
lution amino acids, related com- 
pounds will presented this paper, conti- 
nuation the previous study organic 
has been reported previously, the adiabatic 


* Presented at the Symposium of Colloid Chemistry held 
at Fukuoka on November 16, 1952. 
Miyahara, This Bulletin, 25, 326 (1952). 


compressibility aqueous solution, obtained 
measuring ultrasonic velocity, gives much 
informations about the interactions between 
solute molecules and those water. 

this field carried out Japan, which were 
referred the previous paper, several 
studies have been reported foreign litera- 
tures. The first application ultrasonics 
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the study solvation was reported Pas- 
estimated the amount hyd- 
rated water non- 
investigations. assumed that the volume 
the incompressible part the solution, 
obtained from the ratio compressibilities 
solution and corresponds the 
solvation volume. However, since this volume 
included that the solute molecule, 
shown the comparison his equation with 
ours, which has been reported previous 
paper, the stated assumption could not fully 
accepted. 

More recently, has studied the 
liquid mixtures, aqueous solution non-elect- 
rolytes, amino acids and proteins. His treat- 
ment was based the same picture that 
adopted us, and introduced correction 
term his equation compressibility 
solution, representing the effects electro- 
striction and breaking hydrogen bond 
surrounding water inserted solute 
molecules. 

the other hand, Gucker and 
treated this problem from entirely differ- 
ent viewpoint their study amino acids 
solutions. Their investigation was based 
Kirkwood’s theories mutual interaction 
and solvation .zwitter ion. This may also 
another important way attack this 
problem. 


Experimental 


The velocity ultrasonic waves soiution 
was measured with ultrasonic interferometer 
and has been briefly described the previous 
paper. The details shall presented herein. 
The sectional diagram the interferometer 
shown Fig. The reading scale which the 
reflector carried was part commer- 
cial sliding type traveling micrometer (Shimazu 
Scientific Co.). This scale was furnished with 
vernier, graduated 1/100mm. The essential 
part the cell was made brass, coated with 
silicone resin, NO. 150. The crystal was 
cemented with the same resin. has been shown 
the wiring diagram the previous paper, the 
single-tube oscillator was used drive the crys- 
tal the interferometer. Hence, the frequency 
ultrasonic waves varied markedly the vici- 
nity the points which standing waves occur- 
ed. order obtain the wave length 


2) A. Passynsky, Acta Physicochim. U.R.S.S., 11, 606(1938). 

3) A. Passynsky, Acta Physicochim. U.R.S.S., 22,137(1947). 

4) A. Passynsky, Acta Physicochim. U. R. S. S., 22, 263 
(1947). 

Jacobson, Arkiv For Kemi, 177 (1950). 

6) F. T. Gucker, F. W. Lamb, G. A. Marsh and R. M. 
Haag, J. Am. Chem. Soc., 72, 310 (1950). 
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definite frequency, the reading was made 
moment when the current flowing the micro- 
ammeter was minimum and the beat frequency 


| Reflector 


Position Reflector 


Fig. 
Current 
Beat frequency 


became zero. This condition was secured 
manual adjustment for each measurement run. 
The relations between beat frequency, current 
dips and position reflector thus adjusted are 
shown Fig. these methods the frequency 
ultrasonics when standing waves were set up, 
could adjusted the standard. The frequen- 
commercial radio station, JOAR, 1090KC. 
was used standard, and beats were detected 
with superheterodyne radio receiver. The re- 
sonance frequency the X-cut crystal used was 
1270KC. The temperature the cell was held 
constant circulating water from 
through jacket around the interferometer. The 
velocity measurements were made 30.0°C. 
The materials investigated were follows; 


é 
x Jacket 
> \ | 
Fig. 


392 Yutaka MIYAHARA [Vol. 26, No. Sept 
Material Source Original Purity Times 
ecrystallization 
Urea 
Thiourea 
Urethan 
Urotropine Takeda 
Creatinine Fisher 
a-Alanine Ishizu 
Takeda 
Matheson 
Takeda 
Takeda 
Table 
Results and Discussion 
The experimental results ultrasonic velo- No. 
city and other related values are given 0.0294 1.0076 0.9818 0.9739 
Tables 1-11. The notations used are fol- 0.0350 1.0091 0.9781 0.9691 
0.0324 1.0086 0.9794 0.9713 
velocity 0.0339 1.0090 0.9785 0.9699 0086 
ultrasonic velocity water, tan 
...apparent volume water so- lea 
lution defined Table 
Urotropine 
Table 
compressibility water. 0.0192 1.0059 0.9836 0.9857 0.0021 
0.0213 1.0066 0.9816 0.9841 0.0025 
The physical meanings were explained the 
previous paper. Table 
Glycine 
0.0301 1.0131 0.9622 0.9824 0.0202 
0.0303 1.0082 0.9759 0.9778 0.0019 1.0069 0.9801 0.9910 0.0109 
0.0312 1.0083 0.9758 0.9769 0.0011 0.0192 1.0088 0.9746 0.9891 0.0145 
0.0333 1.0090 0.9738 0.9754 0.0016 
0.0386 1.0102 0.9701 0.9715 0.0014 Table 
0.0426 1.0111 0.9674 0.9684 0.0010 a-Alanine 
Table 0.0289 1.0135 0.9646 0.9803 0.0157 
Thiourea 0.0324 1.0152 0.9605 0.9777 0.0172 
0.0330 1.0070 0.9776 0.9758 Table 
0.0355 1.0077 0.9755 0.9740 0.0144 1.0075 0.9826 0.9882 0.0056 
0.0342 1.0072 0.9769 0.9750 0.0153 1.0083 0.9809 0.9875 0.0069 
0.0300 1.0064 0.9795 0.9780 —0.0015 1.0059 0.9863 0.9911 0.0048 
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Table 
0.0201 1.0103 0.9754 0.9844 0.0090 
0.0132 1.0070 0.9832 0.9898 0.0066 
0.0202 1.0109 0.9741 0.9844 0.0103 
Table 
0.0101 1.0040 0.9892 0.9929 0.0037 
0.0101 1.0040 0.9891 0.9930 0.0039 
0.0191 1.0076 0.9794 0.9865 0.0071 
0.0163 1.0062 0.9832 0.9883 0.0051 
Table 
L-Proline 
0.0160 1.0068 0.9820 0.9886 0.0066 


0.9865 0.0063 


0.0190 1.0073 0.9802 


molar value, the respective subs- 
tances, which calculated the method 
least squares assuming that independent 
concentration, also listed Table and 
Table 13, well those calculated from 
the data Passynsky, Jacobson and Gucker. 
defined 


where the molecular weight; re- 
lated the commonly used apparent com- 
pressibility the following equation: 


Kn=—0/ko 


(1) Amides and Related Compounds— 
The influences the radicals which directly 
interact with the surrounding water molecules 
upon the values were studied quanti- 
tatively the previous paper, and was 
shown that the values could ex- 
pressed the sum assigned the 
individual radicals for series homologous 
molecules. 

This additive law does not hold strictly 
the present case which includes various types 
molecules. However, the qualitative ten- 


dency may still remain; negative values for 
those hydrophobic radicals, such methy- 
lene and thioketone could also assigned. 
The effects radicals such acid amides 
and non-ionic amines are relatively small, 
marked contrast those amino radicals 
amino acids. 


per 1000cc. solution 
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(2) Amino spite the fact that 
the various amino acids investigated had 
alkyl chains different lengths, which would 
reduce negative values, was found 
that was almost constant for the various 
compounds. 

This may interpreted follows: the 
magnitude the effect metheylene radi- 
cals very small compared with 
that ionized groups. Therefore may not 


Table 
Km 

30°C* 
Urea 2.3 2.0 
Thiourea —3.1 
Urethan —23 
Creatinine 
Glycolamide —6.0 2.0 


Lactamide 


Table 
30°* 


illogical suspect that when molecule 
has hydrophobic radicals such methylene 
radicals together with ionic groups, the effect 
the former entirely masked the 
strong electrical force the latter, since the 
weak interaction between such hydrophobic 
radicals and the surrounding water molecules 
are non-electrical nature. 


Assuming that the water the nearest 


vicinity the zwitter ion becomes incom- 
pressible the strong electrostatic force, 
the case strong electrolytes, the amount 
hydrated water found about 
zwitter ion. This values may some mea- 
sure hydration zwitter ion comparison 
with that strong electrolytes. 

part the cost this research was de- 
frayed from the Scientific Research 
ment Grant from the Ministry Education. 


Chemical 
Faculty Science, 
Nagoya University, 
Chikusa, Nagoya 
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Constant Current Coulometric Method Argentometric 


Titration Thiourea 


Masaki NAKANISHI and Hanako 


(Received May 15, 1953) 


Introduction 


Several methods are available for the de- 
termination thiourea which are included, 
besides well-known Volhard’s silver nitrate 
method ammoniacal solution, iodine 
titration oxidimetric method 
selenious acid method Wer- 
ner® and sulfur determination method pro- 
posed and When 
thiourea mixed with ammonium 
nate, the analysis the former only, 
both carried out according the methods 

These methods are, however, limited 
comparatively larger amount thiourea. 
desirable find out reliable and accurate 
which milligram amount 
less thiourea precisely determined. 
The object this paper present cou- 
lometric titration method for the microanaly- 
sis thiourea. 

The constant current coulometric method 
was applied this purpose and the results 
obtained were satisfactory. observed 
Table and milligram and submilligram 
quantities thiourea were determined with 
tolerable precision. 

the method described below, thiourea 
was treated with silver bromide solution 
ammonia and the liberated bromide ion, 
which equivalent thiourea, was titrated 
with the anodically generated silver ion rath- 
than with standard solution. The elec- 
trolysis current was automatically controlled 
constant during the electrolysis; thus 
the amount the generated silver ion was 


1) J. E. Reynolds and E. A. Werner, J. Chem. Soc., 83, 
(1903). 

Cuthill and Atkins, Soc. Chem. Ind., 

3) A. E. A. Werner, Analyst, 65, 236 (1940). 
-4) E. Wiesenberger, Mikrochmie ver. Mikrochim. Acta, 
29, (1941). 


Akita and Takagishi, Plastics (in Japanese), 
22 (1950). 
6) Salkowski, Ber., 26, 2498 (1893). 


7) S. Kodama and others, J. Chem. Ind. Japan, 54, 184 
(1951). 


exactly determined the product current 
and time according Faraday’s law. 

Because the titrant could added very 
small increments, the coulometric titration 
suitable means the microanalytical treat- 
ment. contrast the ordinary titration, 
the standardization and storage problems 
solutions are avoided, therefore high preci- 
sion attained the constant current cou- 
lometric titration especially when applied 
microanalyses. 

the preliminary experiments 
amount thiourea was titrated ammo- 
niacal medium with the anodically generated 
silver ion, which procedure analogous 
the Volhard’s titration thiourea. Results 
obtained were fairly accurate when the con- 
centration ammonia exceeds the 
electrolyte. But the objection that the reac- 
tion somewhat time-consuming. This diffi- 
culty was overcome the present method, 
replacing thiourea the equivalent bromide 
ion. 


Apparatus 
weighing bottle brown glass (about ml.) 
with the ground glass stopper was used the 


Fig. Schematic diagram the electrolysis cell 
Generator anode, rod. 
Generator cathode, sheet. 
Indicator electrode, rod. 
Agar KNO; bridge. 
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electrolysis cell. The sample analysed was 
weighed directly it. rubber stopper 
was prepared which electrodes firmly 
settled and arranged for electrolysis shown 
Fig. Generator cathode the figure) 
smooth platinum plate (6x15mm) dipped the 
saturated potassium nitrate solution, which 
isolated from the solution analysed with 
sintered glass disk and agar. 

The solution was vigorously stirred with mag- 
netic stirrer. The whole cell preferably en- 
closed dark case eliminate the photochemi- 
cal change silver bromide. 

the source the constant current for elec- 
trolysis the line-operated device Carson*) was 
utilized. The value current was measured 
intervals during electrolysis from the IR-drop 
across standard resistor ascertain the con- 
stancy. Actually the current was stable enough 
and appreciable drift was observed. The 
quantity silver ion generated calculated 
the product current and time, the latter having 
been measured with stop-watch. 

The electrolysis was interrupted appro- 
priate intervals and followed the measure- 
ment potential the indicator electrode. The 
end-point the titration was determined the 
same way the conventional potentiometric 
titration. 


Procedure and Results 


Procedure. The aqueous solution the solid 
sample thiourea weighed directly the 
electrolysis larger volume solu- 
tion than several milliliters dealt with, evapo- 
rate few milliliters. the silver bromide 
solution ammonia added drop drop toa 
slight excess. Without filtering the precipitate 
silver sulfide formed, the solution 
warmed 70°C till the odour ammonia 
disappears. Precautions must taken against 
drying the solution. This process accom- 
plished dark place avoid the photochemical 
decomposition silver bromide which has been 
separated out. Next about 5g. potassium 
nitrate added and the solution made 
about with water, acidified with dilute sul- 
furic acid. After arranging the electrodes the 
cell, the electrolysis started with constant 
current appropriate value. The end-point 
informed with the aid the potentiometric 
method. 

The ammoniacal silver bromide solu- 
tion prepared follows. The purified silver 
bromide which prepared from silver nitrate 
and potassium bromide and recrystallised from 
ammonia dissolved saturation concentrat- 
ammonia. This work performed under 
photographic lamp dark room. The ammo- 
niacal solution thus prepared stable against 
light residue the solute present. 

Sulfuric acid the most preferable acidify 


8) W.N. Carson, Anal. Chem., 22, 1565 (1950). 
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the solution after the reaction between thiourea 
and silver bromide has been completed. With 
acetic acid, the measuring process time-consum- 
ing although serious interference 
Nitric acid disapproved because attacks 
silver electrodes even when diltute and gives con- 
siderable negative results. 

bring the reaction between thiourea and 
silver bromide completion, subsequent removal 
ammonia inevitable. Expelling ammonia 
with strong base not recommended. the 
procedure described above the solution was gently 
warmed 70°C over electric heater 
small wattage. Precautions must taken against 
bubbling and complete evaporation. make the 
removal ammonia easy, the preliminary con- 
centration the original solution 
volume advisable and the large excess the 
silver bromide solution rather objectionable. 


Repeatability. have knowledge 
the repeatability this series 
experiments were made taking about 3.9 mg. 
thiourea each. About 4ml. the silver 
bromide solution was added and the constant 
current about 10mA. was used for elec- 
trolysis. The results obtained are shown 
Table Observed values are fairly accurate. 
The mean the errors —0.0076 mg. for 


Table 


Determination Thiourea, (A) 
Amount 


Current Equiv. Point Error 
Thiourea (sec.) 
(mg.) (mA.) Calc. 


936 10.010 997.5 999.7 009 
942 9.999 999.1 996.9 
940 9.996 998.9 996.0 
937 10.000 998.1 998.9 003 
939 10.010 998.8 997.3 
939 10.021 997.4 999.6 009 


these seven samples and the standard devia- 
tion 0.011 mg. for each value. 


Table 
Determination Thiourea, (B) 
Current Equiv. Point Error 
Thiourea (sec.) 
— 
(mg.) (mA.) mg. 
3982 10.001 100.9 101.7 0.0031 0.79 
3926 10. 003 99.5 103.6 0.0161 4.1 
1969 986 83.4 86.2 0.0067 3.4 
1963 959 83.5 85.3 0.0043 2.2 
1965 783 86.2 87.2 0.0024 1.2 
0312 876 87.6 89.2 0.0006 1.8 
0312 882 88.2 95.5 0.0026 8.3 
0312 899 88.1 93.5 0.0019 6.1 
0312 889 89.0 83.3 —0.0020 —6.4 
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Analysis Decreased Amounts Thio- 
urea. this method intended rather for 
the microanalysis, decreased amounts thio- 
urea were treated, the results which are 
shown Table Absolute errors mg. 
are passably small, but the relative errors 
are longer ignored, therefore the limita- 
tion lies several hundredths milligram 
thiourea. obvious from the table that 
the use smaller electrolysis current pro- 
fitable for smaller amounts thiourea, be- 
cause the smaller the current is, the longer 
time taken the end-point. Thus the 
error due time-measurement reduced. 


Simultaneous Analysis Thiourea and 


Thiocyanate 


Microanalytical determination thiourea 
and ammonium thiocyanate the mixture 
often sought for. 

The present method, when applied the 
mixture, gives the sum both substances, 


Table 
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because thiocyanate titrated argentometri- 
cally together with bromide and only one 
inflection occurs the potentiometric curve 
owing the similar solubilities their sil- 
ver salts. 

Titration thiourea only with the elec- 
trolytically generated iodine, modified method 
was also not available because 
iodine titration valid only for macroanalysis. 

Léon’s gives useful information 
the present purpose, succeeded the 
simultaneous analysis bromide and thiocy- 
anate with the potentiometric titration 
90% acetone solution. This device was 
introduced and the simultaneous analysis 
thiourea and thiocyanate was attempted 
acetone solution using the present method. 
The acetone solution made cléar-cut distinc- 
tion thiourea from thiocyanate and two 
curve due bromide and thiocyanate res- 
pectively. Mixtures various proportions 
were treated, the results which are tabulat- 
Table 


Simultaneous Analysis Thiourea and Thiocyanate 90% Acetone Solution 
thiourea, 0.7889mg. thiocyanate 


Thiourea Thiocyanate Current 


(coulomb) (mA.) 
526 10. 013 
526 
959 10. 032 
956 10. 009 
435 10.019 
435 10. 067 
435 10. 018 
782 10. 008 
777 10. 006 
547 10. 001 
993 


(coulomb) 
484 
482 
978 
806 
806 
983 

4.981 
502 


little less accurate values are found com- 
pared with those pure solution. This 
procedure is, however, simple and easy for 
the simultaneous analysis, such error 
within allowance. 


Summary 


The coulometric method with constant 
current was used for the microanalysis 
thiourea. 

ammoniacal solution silver bromide 
was added thiourea solution and the liberat- 
bromide equivalent thiourea was titrat- 
with electrolytically generated silver ion 


Equiv. Point Found (sec.) 
Thiourea 


Error (%) 

252.6 0.12 
255. 
391. —0. 
402. 
539. —0. 
0.95 
2.0 
985. 
983. 
756. 


w 


2.5 
1.1 
1.6 
1.3 
1.1 
3.2 
3.3 
1.6 
1.0 


acid solution. milligram amount 
thiourea was satisfactorily determined with 
the standard deviation about and 
the method also applicable submilligram 
amounts thiourea. 

Simultaneous analysis thiourea and am- 
thiocyanate mixture was made 
using 90% acetone solution. 
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Introduction 


well-known fact that the infrared 
frequencies molecules the liquid states 
are, general, lower than those the 
gaseous states. This fact implies that the 
molecules are slightly deformed condensed 
phase the intramolecular field due the 
surrounding molecules. The deformation 
molecules static external field is, 
the other hand, indicated the so-called 
“atomic polarization.” Therefore the fre- 
quency shift the liquid state may have 
some relation the atomic polarization. 
Kirkwood, West, and studied the 
frequency shift HCl, but their work was 
limited simple molecule such and 
not extended the relation the frequency 
shift with the atomic polarization. Here the 
frequency will treated more 
general problem and connected with the 
atomic polarization. 


Atomic Polarization 


The atomic polarization induced ith 
infrared active normal vibration given 


where denotes Avogadro’s number, the 
effective charge, the effective mass, and 
the frequency the ith normal vibration. 
The factor 1/3 Eq. (1) takes account 
the fact that the vibration under considera- 
tion has only one degree freedom rather 
than three does the isotropic 


(1’) 


1) W. West and R.T. Edwards, J. Cher. Phys., 5, 14 (1937): 


J. G. Kirkwood, ibid., 2, 351 (1934) Cf. E. Bauer and M. 
Magat, Paysica, 8, 718 (1938). 

2) J. H. Van Vleck, “‘ The Theory of Electric and Magne- 
tic Susceptibilities "’, Oxford University Press, London, 1952. 
pp.42f. & 361t. 

3) Reference 2, p.46. 
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its Relation the Atomic Polarization 
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‘its center the electric moment 


where the summation extended over all 
the infrared active vibrations. 


Frequency Shift 


Simple Treatment (Heteronuclear 
diatomic molecules, with only one normal 
mode).—Let consider first simple case 
which the molecule has one vibrational 
degree freedom (e.g. HCl). view the 
complexity the intramolecular force field 
the liquid phase one can not obtain 
satisfactory expression for it. But 
gave ingeneous method evaluating the 
intramolecular force solving electrostatic 
equivalence. Let make spherical cavity 
the liquid phase with dielectric constant 
Then this 
dipole polarizes the surrounding medium and 
produces “reaction field” its own 
place, which given 


(2a) 
where 


and denotes rigid dipole the molecule, 
the effective charge, and the displacement 
the nucleus (treated vector 
the directions and coincide with the 
axis the molecule this case). This field 
stabilizes the molecule the amount, 


(4a) 


that the force constant for the molecular 
vibration decreased the liquid phase 
the amount, 


4) Lars Onsager, J. Am. Chem. Soc., 58, 1436 (1936 . 
*) It may be artued that the Onsager’s model is an elec- 
trostatical one and, therefore, cannot be adequately applied 
to the time-dependent phenomena such as vibrations of nuclei. 
But when the wave-length of the radiation is far greater than 
the size of the radiating system (the molecule in this case), 
one can treat this process one. 
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where where stands “internal refractive index 
The total electric moment induced the 


follows that the fundamental frequency 
the liquid phase, v’, related that the 
free state, the 


where the effective mass the har- 
monic oscillator composed the diatomic 


molecule. Inserting this relation into Ea. 
obtain 


where and denote molecular weight and 
density the liquid respectively, which are 
related 

N-d 


necessary compare this simple and 
rather straightforward derivation with 
the result obtained whose idea 
was Only quoted West and Edwards and 
not given Their expression 


2e+1 


where 


and 


This differs from Eq. (7a) only the point 
that Kirkwood took into account the anhar- 
monicity vibration introducing the 
econd derivative the dipole moment with 


More General Treatment (Polyatomic 
molecules, with more than one infrared 
active normal mode).—The principle the 
calculation is, general, the same that 
used except the introduction the 
polarizability which is, according 
Onsager, given 


(5b) 


which given the same expression 
Eq. (2a) and denotes and 
the zth normal coordinate (treated vector 

Combination (2a) and (3b) affords, 
means Eq. (8), 


and 


(n?+2)(2e+1) 
3(2e 


(10) 


this case the energy stabilization be- 
comes 


2e+1 


(4b) 
which considered perturbing potential. 
Changing the variables from 


and choosing satisfy the relations 


where and 


the perturbing potential Eq. (4b) reduces to, 
except constant terms, 


(4b’) 


which the second terms depend only upon 
the cross products and, therefore, may 


**) See Discussion. 
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the first order approximation. 
The change this order approxima- 
tion, turns out 


Thus, similarly Eq. (8a), the total atomic 
polarization given 


2+1 


(8b’) 


where the summation extended over the 
terms due the infrared active vibrations 
and 


(11) 

stands for small correction due the 
polarizability, reducing the limit 
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Comparison with Experiments 


order check the relation 
above, two quantities should 
measured the frequency shift and 
the atomic polarization But unfortunately 
precise data have not been available for either 
them. The following are several examples 
useful present confirm the results. 


Ex. Hydrogen Chloride.—West and Ed- 
wards" observed the fundamental frequencies 
the gaseous state and solu- 
tion, which are and re- 
spectively. Inserting this date and e=2.23, 
the dielectric constant carbon tetrachloride, 
Eq. (8a) one obtains Pa=1.0cc. Using the 
frequency pure liquid ob- 
tained These should 
compared with the value Pa=1.25cc. ob- 
tained from the measurement the dielectric 
constant the gaseous HCl 

solution.—The molecule has three in- 
frared active modes, the two which were 
measured Borst, Buswell, and 
its CCl, solution. The results are fol- 
lows: for the fundamental frequency 3652 
Assuming for the remain- 
‘ing bending vibration one can 


calculate (See Table 1.). Various 
Table 
Frequency Shift 
1595 (20) (0.0125) 
3652 3609 0.0118 
3756 3712 0.0117 
0.036 
Table 
Frequency Shift 
532 552 0.0188 
1250 1242 0.0064 
1441 1429 0.0166 
2967 2950 0.0057 
3058 3050 0.0052 


This term neglected for the calculation 


values have been obtained experimen- 
tally, only three which are quoted here: 
was obtained the measurement 
dielectric constant the solid® and 


0.0527 


Hettner, Zeits. Physik, 89, 234 (1934). 

6) C. T. Zahn, Phys. Rev., 24, 400 (1927). 

7) L. B. Borst, A. M. Buswell, and W. H. Rodebush, /-. 
Chem. Phys. 6, 61 (1938). 

8) C. H. Cartwright and J. Errera, Proc. Roy. Soc., 
A154, 138 (1937). 

9) J. Errera, “‘ Polarisation dielectriqve.”” quoted in Re- 
ference 8. 


2e+1 1 M Ap; 
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the dielectric constant the 


Ex. Iodide.—From the results 
Fenlon, Cleveland, and (Table 
with Eq. (8b) one obtains Pa=1.6cc., which 
should compared with 1.4cc., the value 
obtained C.P. 


Ex. the available data 
for (Table 3), one can estimate very 


26, No. 


roughly the value for resulting 
1.9cc., which agrees fortuitously with the 


Discussion 


should noted here that the effective 
charges, Eq. (3) and others are those 
for the vibrations molecules the con- 


Table 
Frequency Shift 
1037 1036 0.0020 
1485 1478 0.0094 
3099 3089 0.0064 


0.0178 


This term neglected for the calculation 


densed phase and may differ from defined 
Eq. (1) Eq. (1’), the coincidence 
both expressions being formal one. This 
discrepancy might, were real one, afford 
apparently greater “atomic 
assumption also made the nuclear 
motion; that is, the vibration nucleus 
trated here simply assuming electrical 
and mechanical anharmonicity. Since the 
originating from this treatment are not 
large, this solution may allowed for the 

Onsager’s theory assumes that the geometry 
the cavity spherical one and the 
dipole the molecule considered 
concentrated the center this sphere. 


10) P. Debye and H. Sack, “‘ Handb. d. Radiologie ”’, IV. 
Akad. Verlag., Leipzig. 1934. 

11) P. F. Fenlon, F. F. Cleveland, and A. G. Meister, J. 
Chem. Phys., 19, 1561 (1951). 

13) G, Herzberg, “* Molecular Spectra and Molecular 
Structure ”, Band II., D. Van Nostrand Co. New York, 1949. 

14) American Petroleum Institute Research Project 44, 
Serial No. 307, 498 and 499, 

15) Crawford, Jr., and Dinsmore, Chem. 
Phys., 18, 985 (1950), B. L Crawford, Jr., J. Chem, Phys., 
20, 977 (1952). 

16) A. Wada, Private communication. See also D. G. 
Frood and A. J. Dekker, J. Chem. Phys., 20, 103), (1952). 


has already pointed out Wada'® that 
these two assumptions are serious, and for 
special case 1,2-dichloroethane more 
precise model was proposed give 
satisfactory result. fact, the dipole induced 
the infrared active normal vibration not 
obviously point one, contradicting the 
assumptions Onsager’s theory. However, 
are allowed assume Onsager’s theory 
least the first approximation, the theory 
stated above provides the effective charge 
for normal vibration the molecule from 
the frequency shift the vibration. De- 
tailed discussions are postponed, because 
deficiencies the accuracy the theoretical 
well the experimental sides. Never- 
theless, very interesting note that the 
atomic polarization, which quantity 
difficult measure, can obtained the 
frequency shifts infrared absorption bands. 

The author wishes express his gratitude 
Prof. Morino for his kind advice and 
discussions. also indebted Prof. 
Yasumi for his valuable criticisms. 
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the Separation Phosphorus and Iron 
Means Cation Exchange Resin 


Yukichi 


(Received December 16, 1952) 


The rapid and accurate method 
determination phosphorus means 
ion-exchange column was for the first time 
proposed Helrich and for the 
analysis phosphate rocks. The author 
once attempted apply this method the 
bearing samples for the purpose geochemi- 
cal studies the distribution 
the incompleteness the 
phosphoric acid from tervalent iron cation 
exchange resin, the attempt did not succeed. 
Later, the problem interference ferric 
iron was pointed out several 
connection with it, the author had observed 
the same phenomena the studies ion- 
exchange separation arsenic acid from 
ferric ion and the problem could solved 
previous reduction the test solution 
sulfur 

now proved that the same techniques 
are also applicable the quantitative 
separation phosphate ion from tervalent 
iron cation exchange resin. This paper 
also describes some investigations the 
behavior phosphorus the column using 


tracer well high frequency 
oscillators. 

Experimental 
The Cation and 


Reagents.—Amberlite and Amberlite 

IR-112 (A.G.) (both 100 mesh) were 

used. 
Both borate 


acetate comparison 


** Presented at the First Annual Meeting of the Japan 
Society for Analytical Chemistry, Kyoto, Oct. 39 to Nov. 1 
1952. 

1) Helrich, K. and Rieman, W., Amal. Chem., 19, 651 
(1947). 

Yoshino, Y., Chem. Soc. Jaban, Pure Chem. Sect., 
72, 503 (1951). 

Kubo. and Tsutsumi, C., Chem. Soc. Japan, 
23, 187 (1950). 

4) Goudie, A. J. and Rieman, W., Anal. Chem., 24. 1067 
(1952). 

Salmon, J.E., Chem. Soc. 2316 (1952 

Yoshino, Y., This Bulletin, 24, (1951). 


buffers were prepared according 


and Rieman’s original except that, 
place methyl red, bromocresol green 
indicator was added 
Carbonate free 0.1N 
solution standardized against 0.1M 
potassium dihydrogen 
from 4.63 8.98 using comparison 


Ion Exchange Separation phosphate 
Ion from Tervalent Iron Reduction with 
Sulfur Dioxide.—To mixture 10cc. 
0.1M ferric chloride solution and definite 
phosphate solution, add hydrochloric acid 
one tenth the total volume order 
prevent formation precipitate. Heat the 


-solution water bath and pass rapid 


current sulfur dioxide for about half 
hour order convert ferric ion into 
ferrous state. Then, pass the solution through 
column sodium form cation exchanger 
rate 1—2cc. per minute. Wash with 
30cc. distilled water several portions 
the same rate. The effluent and washings 
are collected 100cc. Erlenmeyer flask, 
into which small piece porcelain added 
boiling chip. Then, attach glass joint 
spray trap and outlet tube bending downward. 
Heat flask gently and expel greater part 
excess sulfur dioxide. Add bromine water 
until coloration takes place and again distil 
off the excess bromine. Rinse the attach- 
ments with small volume water and 
cool the solution. Then, add 0.25cc. bromo- 
cresol green indicator and neutralize with 
sodium hydroxide until indicator turns 
slightly blue. Adjust the 4.63 with 
hydrochloric acid and 0.1N sodium hydroxide 
using acetate buffer. Then, add 0.3cc. 
phenolphthalein and titrate with standard 
sodium hydroxide solution the 8.98 
using borate buffer. Table shows the results 
obtained such determinations. 


Determination Phosphate Ferric Oxi- 
Deposit and Vivianite.—Weigh out about 
gram fine powdered sample and treat 
with 20cc. aqua regia. Evaporate the so- 
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Table 


Separation Phosphate from Ferric Iron 


Phosphate ion 


taken (m. mol.) found (m. mol.) 
000 
000 006 
000 
500 498 
2.005 


lution syrupy state and add 5cc. con- 
centrated hydrochloric acid and dry up. Re- 
peat this operation once more. Then, add 
ml. hydrochloric acid. The solution 
heated and filtered. Collect the filtrate and 
washings 100cc. measuring flask and fill 
the mark with water. Taking aliquot 
portion the sample solution, phosphate 
content was determined according the same 
procedure was described previous 
paragraph. The comparison results ob- 
tained both ion-exchange* and gravimet- 
ric method weighing given 
Table 


Error (%) Resin (g.) 
—0.2 (Amberlite IR-120) 
—0.1 


Tracing Phosphate Ion Elution 
Means Radioactive acidified so- 
lution containing millimol ferric chloride 
and potassium phosphate labeled with 0.3 
grams sodium form Amberlite IR-120. The 
column was washed with hydrochloric 
acid 450cc. The percentage phos- 
phate each step filtrate was estimated 
the radioactivity measurement. The re- 
sults obtained are shown Table 

observed that under these conditions, 
the percentage separation phosphate 
from tervalent iron becomes remarkably less, 


Table 
Determination Phosphorus Iron-bearing Samples 
P20;(%) 
. 
Sample Gravimetric Ion Exchange No. detn. Difference 
Ferric oxide deposit Meiji-yu 
Hot Spring, Nagano Pref. 8.94 
Vivianite from Himeshima mine, 
Oita Pref. 24.14 —0. 30% 
Table 
Phosphate found the and Washings 
Phosphate 
added (m.mol.) Effluent cc., 50~150, 250, —350, 
000 71.9 7.8 3.2 2.3 
100 7.0 6.0 78.7 
6.1 3.6 2.5 2.4 1.9 16.5 


the less the ratio P/Fe test solution. 
The gradual flowing out phosphate ion 
the washings may due the relatively 
weak linkage between phosphorus and 
iron. This situation quite similar that 
observed the system arsenic acid and 
tervalent 


Examination the Distribution Phos- 
phate held the Column using and 


grams Amberlite IR-112 (A.G.) were employed. 


High Frequency Oscillators.—The solution 
containing millimol ferric chloride and 
millimol phosphoric acid labeled with about 
microcurie was passed through 
column hydrogen form Amberlite IR-120 
and the column was washed 
with 30cc. water three portions. Then, 
3cc. hydrogen form resin was packed 


through the Isotopes Division the Atomic 
Energy Commission. Decay and radiation properties were 
scanned and identified. 
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the head. The glass tubing was enveloped 
with lead sheet having window (10x10 
mm.) and sliding the tube, vertical distribu- 
tion the radioactivity was measured 
Lauritsen electroscope. the same time, 
radioautograph was taken using X-ray 

Fig. represents the results obtained. 
The radioactivity observed concent- 


Radioactivity (div /min.) 
3 


4 


= 


30 40 
Reading of Microammeter (« A) 


50 


Fig 
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rated the head the original bed. 

Then, the column was subjected high 
frequency and the results are 
shown also Fig. The peak the read- 
ing microammeter, which may due 
the band ferric ion adsorbed, coincides 
with that radioactivity. The position 
the iron band could also detected the 
color change when Amberlite IR-112 was 
used. 

From these experiments, may con- 
cluded that the holding phosphate ion 
the column caused direct interaction 
between phosphate and ferric iron. Whether 
this due the formation complex 
physical absorption not known yet. 
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Researches the Chromatography. IV. 
the Impurities Cotton Cellulose and Wood Cellulose 


Akira and Hiroshi 


Introduction 


previous have reported 
some preliminary investigations carried out 


and Hatano, Chem. Soc. Japan, Ind. 
Chem. Sect., 54, 460 (1951). 
2) H. Sobue and A. Hatano, ibid. 55, 131 (1952). 
Soc. Tex. Cell. Ind. Japan, (1952). 


order determine qualitatively quan- 
titatively the hydrolyzate some species 
wood pulps means paper chromato- 
graphy. From these investigations was 
evident that glucose, xylose, mannose, arabi- 
nose, galactose and uromie acids these 
sugars are the building units the polysac- 
charides the wood pulps investigated. 
Recently remarkable progress has been made 
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the purification wood pulps both 
scientific and industrial fields, and high grade 
wood pulps are now being appreciated the 
materials for tire acetate rayon, 
nitrocellulose, Bemberg etc. instead cotton 
linters. 

number research workers have 
the difference the chemical components, 
morphological structures, fine structures, 
chain length distribution and reactivity 
accessibility between these two different cel- 
lulosic authors have studied 
their impurities and obtained some interesting 
results, which are expected offer number 
unsolved problems. These described 
below. 


Materials and Methods 


Egyptian cotton linters (Gossypium cananilles), 
Japanese red pine (Pinus densiflora) and Japanese 
beech (Fagus crenata) were used the materials. 
Their chemical composition analysed Tappi 
standard method and tabulated Table The 


Table 
Chemical Components Cotton Linters, 
Red Pine and Beech 


Cotton Linters Red Beech 


Pine 
Total Cellulose 54. 56. 
Alpha Cellulose 96.8 41. 
Ash 0.18 
Resin 2.6 
Lignin 28.0 23.6 


raw cotton extracted with alcohol-benzene 
for six hours and boiled carefully with sodium 
hydroxide for fifteen hours. The 
washed with water and then with diluted acetic 
acid and washed again with water and dried 
air. Thus, purified cotton obtained. The ma- 
terial infused 69% sulfuric acid and kept for 
three days 0~5°C, and this sulfuric acid solu- 
tion diluted into sulfuric acid water 
and hydrolysis carried out under boiling. The 
hydrolyzate neutralized with barium carbonate 
and concentrated evaporation vacuum. 
The aliquot the concentrated solutions placed 
one end filter-paper strip and developed 
with acid-water and parti- 
tioned into its component. Toyo filter paper No. 
used exclusively these experiments. 
Standard sugars and amino acids are obtained 


- 


4) J.W. Bailey, Ind. Eng. Chem., 30, 40 (1938); A. Meller. 
Paper Trade J., 124, No, 9, 104.(1947); W. Klauditz, Holz 
Roh-u Werkstoff, (1941); E.J. Lorand and E.A. Georgi, 
J. Am. Chem. Soc., 59, 4166 (1987); H. Haas, Das Papier, 
2, 397 (1948); R. Bartunek, Cellulosechemie, 22, 56 (1944), 
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from commercial sources. Strips are dried air 
and some them are sprayed with acetone 
solution ninhydrin and the amino acids are 
identified. Some them are sprayed with 
butanol solution anilin-hydrogen-phthalate, and 
the monosaccharides and uronic acids are identified. 


Experimental Results and 
Discussion 


the hydrolyzates raw cotton linters, 
there are found arabinose and small amounts 
galactose, galacturonic acid and glucuronic 
acid. not clear whether 
acids are the original components linters 
produced the process hydrolysis. 
According the result determination with 
about 1.5% glucose the hydrolyzates. 
Pectin has been noticed raw cotton linters 
and said present the fiber inner 
surface, primary wall secondary wall with 
the components wax. long time ago, 
al. stated that pectin composed 
l-arabinose and mole d-galactose. But 
the details the relationship between cellu- 
lose and arabinose, galactose etc. will dis- 
cussed the following paper. 

The hydrolyzate purified cotton linters 
contains almost impurities 
traces arabinose and glucuronic acid. This 
fact shows that the prification cotton linters 
difference from the case wood 

The amino acids the hydrolyzates the 
samples which show positive ninhydrin reac- 
tions are cystine, aspartic acid, asparagine, 
arginine, glutamic acid, alanine and trypto- 
phane. The value various amino acids 
are illustrated Table 


Table 


Values Amino Acids Butanol- 
Acetic Acid-Water (4:1:1) mixed 
Solution 25°C. 


Value 


0.14 
0.31 


Amino Acids 
Crystine 
Arginine 
Aspartic Acid 
Glutamic Acid 
Asparagine 
Alanine 
Tryptophane 


All these amino acids are contained 
any the cotton linters, red pine and beech, 


Ehrlich, Angew. Chem., 43, 1972 (1939). 
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although different amounts. The amino 
acids the hydrolyzates are naturally assumed 
have originated from the proteins made 
polypeptide links which are composed these 
amino acids. These proteins are assumed 
the rudiments the protoplasmas plant 
cells. The living cells stop their functions 
and their protoplasma supposed adheres 
thin layer the inside the secondary 
cell wall which made cellulose molecules. 
extreme interest this cover that 
the amino acids composing the proteins appear 
the same kinds, but not the same 
amounts, any the cotton linters, red 
pine and beech. 

the chromatogram colorized 
hydrin, elliptical spot found fairly 
wide area the region around 0.3~0.4 
value. Glutamic acid which monoamino 
dicarboxylic acid shows equilibrium reac- 
tion its aqueous solution shown Fig. 
The reaction said proceed readily 


COOH 


Pyrrolidoncar- 

boxylic Acid 

Fig. 1.—Equilibrium Reaction 
Gultamic Acid 


Gultamic Acid 


the right, when its aqueous solution heated 
carboxylic acid not colorized reddish violet 
with ninhydrin but colorized yellow. 
the other hand, the spraying with bromo- 
phenol-blue indicator, which made 
0.1% solution 95% ethanol, this acid 
makes its differentiation easy colorizing 
yellow the blue background. Pyrrolidon- 
carboxylic acid synthesized from purified 
standard glutamic acid glutamine and 
found that the value this syn- 
thesized pyrrolidoncarboxylic acid which 
determined corresponds perfectly that 
the above mentioned spot. Therefore, 
presumed that part glutamic acid 
cotton linters etc. iminized the process 
hydrolysis and changes pyrrolidoncar- 
boxylic acid. And among the amino acid 
components, aspartic acid which another 
monoaminodicarboxylic acid iminized 
some extent, but much more stable and 
unchangeable. 

Approximate determination the amino 
acids each material carried out using 


Okinaka, Sexagint, 1927, 27. 
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the photoelectric and the pla- 
and recognized that the con- 
tent the protein raw cotton linters, red 
pine and beech about 0.2~0.3% respectively. 

the other hand, almost amino acids 
are noticed the purified linters. Hitherto, 
the crude protein content plants has been 
determined multiplying the nitrogen con- 
tent with 100/16 ie. 6.25, and thought 
that the author’s value little smaller than 
the values other workers. This supposed 
due the loss protein account 
its change fumine and besides this pos- 
sibility, the presence the nitrogen materials 
other than protein, such particular alka- 
loids, nitrates, ammonia, acid amides etc. 
must taken into consideration. The ni- 
trogen contents plants are fairly different 
according the seasons harvesting, the 
parts wood, the growing places, the age 
plants and the nitrogen contents the soil. 

the hydrolyzates red pine and beech 
sulfite rayon pulps, cystine, alanine and 
pyrrolidoncarboxylic acid are found 
and also the hydrolyzates viscose rayon 
and staple fibers made sulfite rayon pulp 
constantly contain pyrrolidoncarboxylic acid. 
But sulfate rayon pulps treated alkali 
cooking, its content very small. the 
ether hand, lignin separated from wood 
also said contain The fact that 
the amino acids still remain intact spite 
the relatively drastic treatment such 
cooking wood production process 
viscose from rayon pulps, suggests the possi- 
bility that the proteins wood are combined 
very firmly with the cellulosic materials 
the cell wall. also seems probable that the 
nitrogen components wood pulps consume 
chlorine producing chloramine the 
process bleaching, but these components 
are present such minute amounts that 
their effects are thought almost negli- 
gible. However, also probable that the 
nitrogen minute amount behaves 
particular fashion high grade wood pulps. 


Summary 


Egyptian cotton linters, its purified linters, 
Japanese red pine and beech were hydrolyzed. 
has been shown paper chromatography 
that the hydrolyzates contain certain mono- 
saccharides, uronic acids and amino acids. 


R.B. Fisher, D.S. Parsons and G.A. Horrison, Nature, 
161, 764 (1943). 

8) L. Poloheimo, Biochem. Z., 165, 463 (1925); 214, 161 
(1929); Phillips, Assoc. Official agr. Chem., 15, 118 
(1932); 22, 422 (1939); S.A, Waksman and K.R. Stevens, 
Ind. Eng. Chem. Anal. Ed.,.2, 167 (1930). 
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Raw cotton linters have been found con- 
tain, besides glucose, about 1.5% arabinose, 
and small amount glactose, glucuronic 
acid and galacturonic acid. 

The amounts the various amino acids 
contained the hydrolyzates raw cotton 
linters, red pine and beech are somewhat 
different from each other, but the kinds 
the amino acids are the same and they are 
assumed cystine, aspartic acid, aspargine, 
arginine, glutamic acid, alanine and trypto- 
phane. 

Glutamic acid changes pyrrolidoncarboxy- 
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lic acid the process hydrolysis the 
materials and shows special colorizations reac- 
tions with ninhydrin and bromo-phenol-blue 
indicator. 

Purified cotton linters and sulfate rayon 
pulps treated alkali cooking not contain 
any amino acid, but sulfite rayon pulps con- 
tain cystine, alanine and pyrrolidoncarboxylic 
acid. 


Faculty Engineering, 
University Tokyo, Tokyo 
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Further Notes Protamines” 


Toshio Koichi Makoto 
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Masami Kimura, Shin-ichi and 
Takaaki TAMURA 


(Received June 23, 1953) 


has recently been shown the present 
that our clupein has alanine 
the N-terminal residue the molecule, while 
salmine has proline. Further investigations 
showed that all the specimens our clupein 
(from Clupea pallasii obtained Hokkaido, 
Japan 1947), either prepared the clas- 
sical methods Rasmussen* and 
the recent one prepared 
from the material caught another year 
(1951), also have only alanine their N-ter- 
minal residue. 

Furthermore, manometric determination 
Van Slyke method amino nitrogen gave 
0.22% for the free base clupein (amino 
0.1704mg. from 78.44 mg. clupein. 
M.W. clupein calculated therefrom: 6,400), 
while almost none for salmine (amino found 
0.0225 mg. from 49.52 mg. salmine, i.e. 0.046% 


1) The present paper was read by one of the authors (C.H.) 
before the symposium on protein structure held on April 26, 
1953 in Tokyo University. 

Ando, al., This Bulletin, 25, 132 (1952). 

K.E. Rasmussen, physiol. Chem., 224, (1934). 

4) K. Felix, et al., ibid., 249, 111 (1937). ° 

5) A.E. Mirsky, et al., J. Gen. Physiol., 30, 101 (1946). 


accordance with the fact that the ter- 
minal proline gives detectable amino ni- 
trogen the present method. This sub- 
stantiated enough our results above obtained. 

The disagreement shown the N-terminal 
residue clupein molecule between the re- 
sult above obtained our laboratory and 
that described German who 
asserted that proline occupied the position, 
seems the species dif- 
ference materials used. One the latter 
(Felix) described that Clupea harengus was 
used. interest that slight difference 
species herrings may cause such dis- 
tinction part their sperm protamine 
molecules. Salmine its turn, notwithstanding 
its origins either from the genus Oncorhynchus 
(Onc. keta) and (Onc. 
tschawytscha?) from the genus Salmo 
(Salmo salar?), has always been 
shown have proline the N-terminal 
amino acid. 

for melecular weight, repeated estima- 
tions both protamines various methods 
such determinations the esters 
(M.W. clupein: ca. 6,100' and 
M.W. salmine: ca. and 
intensity measurements absorption near 


6) K. Felix, et al., Z. physiol. Chem., 286, 67 (1950). 

7) E.Waldschmidt-Leitz, et al., Experientia, 7, 183 (1951). 

S.F. Velick, al., Biol. Chem., 191, 233 

10) The result of repeated esterifications. 

11) The result of once esterification. 

12) The similar result has been obtained by means of dif- 
fusion-viscosity measurements by K.Iso, T. Kitamura and I. 
Watanabe in this institute (unpublished). 
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ultra-violet region the DNP-derivatives (the 
former ca. 5,600~7,200, the latter ca. 6,100~ 
6,800), electrometric titrations protamines 
(the former: ca. 4,600, the latter: ca. 4,400) 
and also manometric determination amino 
nitrogen clupein shown above, may lead 
the conclusion that both protamines should 
probably have the molecular weight nearly 
the same (6,000~7,000). 

The arginine content clupein also was 
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successfully determined chro- 
matographic method using Amberlite XE-64 
and citrate buffer solution (0.2 pH, 6.50). 
Further experiments probable fractiona- 
tions protamines and accurate determina- 
tions constituent amino acids are yet 
progress. Details will fully reported later. 


Institute Science and Technology, 
Tokyo University, Komaba-machi, 
Meguro-ku, Tokyo 


